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The r e a c t io n s  o f  v a r io u s  a c t i v a te d  o l e f in s  w ith  one o r  more 
o f  th e  i r id iu m  s u b s t r a t e s ,  IrH( C0)( Ph3 p) 3 , IrH ( CO)a ( Ph3 p )a  and 
IrH 3( C0)( Ph3 P)a  have r e s u l t e d  in  th e  fo rm a tio n  o f  com plexes o f  th e  
ty p e  I r H ( C 0 ) (a c t iv a te d  o l e f i n ) ( Ph3 P )a  ( a c t i v a t e d  o l e f i n  = f u m a r o n i t r i le  
c in n a m o n i t r i le ,  b e n z y lid e n e m a lo n o n itr i le  and fu m aric  a c id ) .  I n f r a r e d ,  
nrar and d e u te r a t io n  s tu d ie s  have le d  to  th e  e lu c id a t io n  o f  th e  
s t r u c tu r e s  o f  th e s e  h y d r id o - o le f in  com plexes. Nmr ev id en ce  s u g g e s ts  
t h a t  f u m a r o n i t r i le  i s  r i g i d l y  bonded to  th e  ir id iu m  in  a " m e ta l la -  
cy c lo p ro p an e"  r in g  s t r u c t u r e .
The a c t iv a te d  o l e f i n s ,  c innam ic  and m a le ic  a c id s ,  do n o t  form 
TT-olefin com plexes, b u t r a t h e r  p ro to n a te  th e  i r id iu m  s u b s t r a te s  u sed . 
The nmr s p e c t r a  o f  th e s e  p ro to n a te d  s p e c ie s  have been  o b ta in e d , and th e  
r e s u l t s  c o r ro b o ra te  th e  s t r u c tu r e s  p re v io u s ly  p ro posed  on th e  b a s is  o f  
in f r a r e d  s tu d ie s .
A number o f  o l e f i n  com plexes have been p re p a re d  from 
IrC l(C 0 )(  Ph3As) 2  i n  o rd e r  to  compare th e  r e l a t i v e  s t a b i l i t i e s  o f  th e s e  
w ith  th e  c o rre sp o n d in g  o l e f i n  com plexes o f  I rC l(  CO)( Ph3 P)2 , and w ith  
th e  h y d r id o - o le f in  com plexes. The e l e c t r o n - r e l e a s in g  p r o p e r t i e s  o f  th e  
h y d r id o - l ig a n d  and th e  Ph3As lig a n d  te n d  to  in c r e a s e  th e  s t a b i l i t y  o f  
th e  o le f in -c o m p le x .
T e tra c y a n o e th y le n e  form s a o -k e te n im in a to -T T -o le fin  complex 
w ith  th e  i r id iu m  s u b s t r a t e s ,  and s e v e r a l  p o s s ib le  mechanism s f o r  th e  
r e a c t io n s  have been  p ro p o sed . A b y -p ro d u c t which form s in  t h i s  
r e a c t io n  i f  a lc o h o l  i s  p r e s e n t  h a s  been  fo rm u la ted  as  I r (  CN) ( C0)( Ph3 p )a
v i i
A o -k e te n im in a to -T T -o le f in  complex h a s  been  a s s ig n e d  to  th e  
p ro d u c t o f  th e  r e a c t io n  betw een b e n z y lid e n e m a lo n o n itr i le  and 
IrH (C 0 ) 2 ( Ph3 p )2 S b u t f u r t h e r  s tu d y  on t h i s  complex i s  r e q u ir e d .
The a c t i v a te d  o l e f i n ,  a c r y l o n i t r i l e ,  p ro d u ces  a c r-cy an o e th y l- 
TT -olefin  complex from XrH{ C0)( Ph3 p )3 . The Tf-bonded m o ie ty  can be 
re p la c e d  by f u m a r o n i t r i l e .
The r e a c t io n s  o f  p h e n y la c e ty le n e  w ith  IrH (C O jafPh3 P) 2  and w ith
IrH( GO)( Ph3 P) 3  to  p roduce  XrH( CsCPh)2( CO)( Ph3 P)£ w ere com pared, and a
r a t i o n a l e  i s  p re s e n te d  to  e x p la in  th e  slow  r e a c t io n  o f  th e  a c e ty le n e  
w ith  th e  l a t t e r  i r id iu m  s u b s t r a t e .  The d i s u b s t i t u t e d  a c e ty le n e ,  
h e x a f lu o ro b u ty n e -2 , r e a c t s  s i m i l a r l y  w ith  b o th  i r id iu m  s u b s t r a te s  to  
p roduce  a o -v in y l-T T -ace ty len e  com plex. D ip h e n y la c e ty le n e  r e a c t s  w ith  
lrH ( CO)a( Ph3 P) 2  to  g iv e  a y e llo w  c r y s t a l l i n e  p ro d u c t ,  b u t  no fo rm u la t io n
h as  been  a ss ig n e d  to  t h i s  com plex.
v i i i
INTRODUCTION
The co n cep t o f  a  d i s t i n c t  c l a s s  o f  t r a n s i t i o n  m e ta l h y d rid e  
com plexes began  w ith  W ilk in s o n 's  d is c o v e ry  in  1955 o f  (C5 H5 ) 2 ReH. 1 
A lthough  th e  f i r s t  r e a s o n a b ly  w e ll  d e f in e d , b u t u n s ta b le ,  h y d r id e  
com plexes o f  t r a n s i t i o n  m e ta ls ,  FeH2 (C0 ) 4  and CoH(C0 ) 4 , 2  w ere known 
i n  th e  e a r ly  1 9 3 0 ' s ,  th e  mode o f  bo n d in g  o f  th e  hydrogen  i n  th e s e  
and r e l a t e d  compounds was n o t w e l l  u n d e rs to o d . W ilk in s o n 's  s tu d y  o f  
( c 5 Hg)2ReH by  n u c le a r  m ag n e tic  re so n a n c e  te c h n iq u e s  re v e a le d  t h a t  th e  
re so n a n c e  o f  a  hydrogen  n u c leu s  a t ta c h e d  to  a t r a n s i t i o n  m e ta l atom  
shows an  e x c e p t io n a l ly  la r g e  h ig h  f i e l d  ch em ica l s h i f t  as compared 
w ith  hydrogen  bound to  th e  m ain g roup  m e ta ls .  F o r exam ple, th e  p ro to n  
ch em ica l s h i f t s  f o r  some Sn and Ge h y d r id e s  ra n g e  from  2 to  5 ppm 
r e l a t i v e  to  t e t r a m e th y l s i l a n e , 3  w hereas f o r  th e  h y d rid o -co m p lex es  o f  
th e  t r a n s i t i o n  m e ta ls  th e y  g e n e r a l ly  ra n g e  from  - 1 0  to  -2 5  ppm. 4
T h is  d ia g n o s t ic  p ro p e r ty  f o r  a  p ro to n  l in k e d  to  a  t r a n s i t i o n  
m e ta l  made p o s s ib le  th e  d e te c t io n  o f  u n s ta b le  t r a n s i t i o n  m e ta l  h y d r id e s  
w hich  a re  form ed in  s o lu t io n  b u t whose i s o l a t i o n  i s  e i t h e r  d i f f i c u l t  
o r  im p o s s ib le . F o r in s ta n c e ,  i n  th e  s t r o n g ly  re d u c in g  s o lu t io n  o f  
CoCla  c o n ta in in g  KCN, th e  p re se n c e  o f  [CoH(CN)s] " 3  h a<* h een  i n f e r r e d ,  
b u t  o n ly  r e c e n t ly  was i t  d e te c te d  by ranr. 5  F in a l  p ro o f o f  i t s  e x i s ­
te n c e  came when th e  s a l t ,  K3 CoH(CN)5 , was i s o l a t e d . 6
A nother c h a r a c t e r i s t i c  p ro p e r ty 7  w hich h a s  been  used in  
d e te c t in g  th e  p re sen c e  o f  a  t r a n s i t i o n  m e ta l-h y d ro g e n  bond i s  th e  
in f r a r e d  M-H s t r e t c h i n g  fre q u e n c y , v „ ,  g e n e r a l ly  ob serv ed  i n  th eM-ri
1
2
ran g e  2 2 0 0 - 1 7 0 0  cm"1 . The M-H ben d in g  mode, 6 , o c c u rs  in  th e  ran g e
9 5 0 - 7 0 0  cm**1 , b u t s t ro n g  bands due to  o th e r  l ig a n d s  f r e q u e n t ly  o b scu re  
t h i s  s p e c t r a l  r e g io n .
The r e a l i z a t i o n  t h a t  hydrogen can  occupy a  s i t e  i n  th e  
c o o rd in a t io n  s h e l l  around  th e  c e n t r a l  m e ta l  atom  h e lp ed  c l a r i f y  much 
o f  th e  e a r ly  work on c a rb o n y l h y d r id e s  and gave im petus to  th e  se a rc h  
f o r  o th e r  h y d rid o -co m p lex es . Today, th e  known h y d rid o -co m p lex es  
number in  th e  h u n d re d s , and re v ie w s  on t h i s  a re a  have  b een  p u b l is h e d . 4 *7
H ydrido-com plexes o f  th e  t r a n s i t i o n  m e ta ls  have th e  g e n e ra l  
fo rm ula  [Mx HyLz J ,  w here M i s  a  t r a n s i t i o n  m e ta l to  w hich th e  hydrogen  
and L , th e  l ig a n d , a r e  d i r e c t l y  a t ta c h e d .  The m ost common l ig a n d s  a re  
carb o n  m onoxide, th e  T T -cyclopen tad ienyl g ro u p , and t e r t i a r y  p h o sp h in es , 
a lth o u g h  h a l id e  and s im i la r  io n s  a ls o  o c cu r w ith  th e s e ,  e s p e c ia l l y  in  
th e  phosph ine  and phosphine  c a rb o n y l com plexes.
The n a tu re  o f  th e  hydrogen  v a r i e s  c o n s id e ra b ly  and te n d s  to  
be p r o t i c  in  th o s e  com plexes w hich c o n ta in  two o r  more carb o n  monoxide 
m o le c u le s . The m ost s t r i k i n g  exam ple i s  CoH(C0 ) 4 , s a id  to  be  a s  
s t ro n g ly  a c id  a s  n i t r i c  a c id  i n  m ethano l s o l u t i o n . 2  D ip o le  moment 
s tu d ie s  o f  some t e r t i a r y  p hosph ine  h y d rid o -co m p lex es  have b een  i n t e r ­
p re te d  on th e  b a s i s  o f  th e  h y d rogen  c a r r y in g  a s m a ll n e g a tiv e  c h a rg e , 
c o n s i s t e n t  w ith  th e  a n io n ic  c h a r a c te r  o f  th e  h y d r id e  in  th e s e  ty p es  o f 
com plexes . 8
A ccord ing  to  C h a t t , 8  th e  s t a b i l i t y  o f  th e  hyd rid o -co m p lex es  
i s  due m a in ly  to  th e  t o t a l  l i g a n d - f i e l d  s t a b i l i z a t i o n  en erg y  o f  th e  
l ig a n d s  in  th e  com plex. The 7T-acid c h a r a c te r  o f  th e  l ig a n d s  r e s u l t s
i n  an  en erg y  s e p a r a t io n  betw een  th e  o ccu p ied  non-bond ing  d - o r b i t a l  
energ y  le v e l s  and th e  v a c a n t a n t i-b o n d in g  l e v e l s  l a r g e  enough so t h a t  
h o m o ly tic  o r h e t e r o l y t i c  s p l i t t i n g  o f  th e  m e ta l-h y d ro g e n  bond i s  n o t 
f a v o re d . T hus, th e  s t a b i l i t i e s  o f  an a lo g o u s h y d rid o -co m p lex es  o f  th e  
t r a n s i t i o n  m e ta ls  g e n e r a l ly  in c r e a s e  in  p a s s in g  from  th e  l i g h t e r  to  
th e  h e a v ie r  e lem en t in  any group i n  th e  P e r io d ic  T a b le .
The r e s e a r c h  u n d e rta k e n  f o r  t h i s  D i s s e r t a t i o n  in v o lv e d  th e  
s tu d y  o f  th e  r e a c t io n s  o f  a c t i v a te d  o l e f in s  and a c e ty le n e s  w ith  
h y d rid o c a rb o n y lp h o sp h in e  and a r s in e  com plexes o f  i r id iu m . In  p a r t i c u l a r ,  
th e  i s o l a t i o n  o f  s t a b l e  h y d r id o - o le f in  com plexes was s o u g h t , and th e s e  
w ere ex p ec ted  to  be  more s t a b l e  f o r  i r id iu m  th a n  i t s  l i g h t e r  c o n g e n e rs .
H y d r id o -o le f in  com plexes have  o f te n  been  p o s tu la te d  as 
u n s ta b le  in te rm e d ia te s  in  a  v a r i e t y  o f  homogeneous c a t a l y t i c  r e a c t io n s  
in c lu d in g  is o m e r iz a t io n ,  d im e r iz a t io n  and p o ly m e r iz a t io n , h y d rogena­
t i o n ,  and h y d ro fo rm y la tio n  o f  o l e f i n s . 9  The r e a c t io n s  a r e  presum ed to  
p roceed  from  t h i s  in te rm e d ia te  by i n s e r t i o n  o f  th e  o l e f i n  in to  th e  M-H 
bond to  g iv e  th e  c r-a lk y l com plex . 1 0  The su b se q u e n t s te p s  th e n  depend 
on th e  n a tu re  o f  th e  c a t a l y t i c  r e a c t io n .  An exam ple o f  th e  im p o rtan ce  
o f  h y d rid o -co m p lex es  may be see n  in  th e  c a t a l y t i c  c y c le  b e lie v e d  o p e r a t ­
in g  in  th e  h y d ro fo rm y la tio n  (0X0 r e a c t io n )  r e a c t io n  in v o lv in g  HCo(C0) 4  
as c a t a l y s t . 1 1
HCo(C0) 4  HCo(C0) 3  +  CO (1 )
HCo(C0) 3  - RCH=CHfl >
0
RCH2 CH2 Co(C0) 3  -S 2 ->  RCHaCH2 Co(C0)4  — > RCH2 CH2 CCo(C0) 3  ( %j )
RCH=CH2
H-Co(C0) 3
->  RCHaCH2 Co(C0) 3  (2 )
0 0 0 
I I  I I  I t  II
RCH2 CH2 CCo(CO) 3  -HB-> RCHsCHsCCoHaCCO) 3  -----> RCHeCH2CH +  HCo(CO) 3  (H)
A lthough  th e  h y d r id o -a lk e n e  in te rm e d ia te  ( shown b ra c k e te d  in  eq . 2) 
i s  n o t  i s o l a b l e ,  th e  e x is te n c e  o f  such  com plexes would g iv e  c red en ce  
to  such a m echanism . T h e re fo re , th e  p r e p a ra t io n  o f  s t a b l e  h y d r id o -  
o l e f i n  compounds which co u ld  se rv e  as  m odels f o r  th e s e  in te rm e d ia te s  
would be o f i n t e r e s t  and t h e i r  s tu d y  m ig h t c o n t r ib u te  to  a b e t t e r  
u n d e rs ta n d in g  o f  th e  n a tu re  o f  th e  c a t a l y s t  o r  th e  c a t a l y t i c  p ro c e s s .
A su rv ey  o f  th e  l i t e r a t u r e  r e v e a ls  t h a t  few h y d r id o - o le f in  
com plexes have been  p re p a re d , and t h a t  th e s e ,  f o r  th e  m ost p a r t ,  have 
n o t  b een  w e ll  c h a r a c te r iz e d .  R obinson and Shaw1 2  o b ta in e d  a 70$ 
y ie ld  o f  [lrH C l2( C q H i s ) b y  h e a t in g  an e th a n o l ic  s o lu t io n  o f  
c h o r o i r id i c  a c id  w ith  c y c lo o c ta - l ,5 - d ie n e  f o r  two h o u rs . The vI r -H
s h i f t e d  from 2 2 6 1  to  I 6 I3  cm 1  f o r  th e  c o rre sp o n d in g  d e u te r id o -c o m p le x .
S c h ra u z e r and D ew h irst1 3  r e p o r te d  on an im pure h y d r id o - o le f in  
complex o f  app rox im ate  c o m p o sitio n , DquIrHCl2  (Dqu = d u ro q u in o n e ) , 
o b ta in e d  from r e f lu x in g  I r C l 3  and du roqu inone in  e th a n o l f o r  3  h r .
C la rk  and Tsang1 4  a llow ed  P tH C l(E t3 p) 2  to  r e a c t  w ith  t e t r a f lu o r o e th y le n e  
and o b ta in e d  HP and th e  o - f lu o r o v in y l  d e r iv a t iv e ,  P tC l( CF=CF2 ) ( E t3 p) 2  
as  th e  m ain p ro d u c ts .  A sm a ll y ie ld  ( 8 $) o f  a compound b e lie v e d  to  be 
th e  TT-olefin com plex, PtHCl( C2 F4 )( E t3 P)2 , was i s o l a t e d ,  and a lth o u g h  th e  
in f r a r e d  sp ec tru m  su g g es te d  th e  p re se n c e  o f  a P t-H  bond, no h ig h  f i e l d  
nmr s ig n a l  c o u ld  be o b se rv e d . The c o rre sp o n d in g  d eu te riu m  an a lo g u e  was
n o t  p re p a re d . T h is compound was l a t e r  shown n o t  to  be a h y d rid o -  
complex b u t r a t h e r  t r a n s - [p tC l(C 0 ) ( E t 3 P)p]BF4 . .15
I n  th e  s tu d y 1 6  o f  th e  c a t a l y t i c  is o m e r iz a t io n  o f  c y c lo o c ta -  
1 ,5 -d ie n e  (1,5-COD) to  th e  1 ,3 - iso m e r  u s in g  P tC l2 (P h 3 P) 2  w ith  SnCl2 *2 H2 0  
as c o - c a t a ly s t ,  Tayim and B a i la r  i s o l a t e d  [{PtH( SnCl3)( Ph3 P )2 j 2 (1,5-CO D )J 
and in f e r r e d  th e  p re se n c e  o f  th e  P t-H  bond from  th e  i n f r a r e d  s p e c t r a l  
d a ta .  The s y n th e s is  o f  th e  same compound o u ts id e  th e  c a t a l y t i c  scheme 
In v o lv ed  h e a tin g  th e  d ien e  w ith  a m ix tu re  o f  t ra n s - [p tH C l(  Ph3 P )2 ] and 
SnCl2 *2 H2 0 . I n  a fo llo w in g  p u b l ic a t io n 1 6  co n ce rn in g  h y d ro g e n a tio n  
r e a c t io n s ,  two o th e r  r e l a t e d  h y d rid o -co m p lex es  were i s o l a t e d  and a ls o  
s y n th e s iz e d  f o r  com parison  p u rp o se s .
S in g e r  and W ilk in so n 1 7  s tu d ie d  th e  o x id a t iv e  a d d i t io n  re a c ­
t io n s  o f  HCN, H2 S, and o th e r  a c id s  w ith  p hosph ine  com plexes o f  I r ( l )  
and R h (l)  in  o rd e r  to  f in d  a c a t a l y s t  f o r  th e  a d d i t io n  o f weak a c id s  
such as HCN to  u n s a tu r a te d  m o le c u le s . From [M C l(d io le f in ) ]2>
(M = Rh o r  I r  and d i o l e f i n  = c y c l o o c t a - l ,5 -d ie n e  o r  n o rb o rn ad ie n e ) and 
HCN th e y  o b ta in e d  R h C l(d io le fin )(H C N )a  and IrHCl(CN )( COD). The form er 
compound was p o o r ly  c h a r a c te r iz e d  and f o r  n e i th e r  compound were 
bands con firm ed  by d e u te r a t io n  s tu d ie s .  H allm an, e t .  a l . , 1 6  o b ta in e d  
an im pure ta n  complex o f  s to ic h io m e try  RuHCl( C/HeX Ph3 P) 2  from  a 
s o lu t io n  o f  RuHCl(Ph3 p) 3  c o n ta in in g  ex ce ss  n o rb o rn a d ie n e . The p ro d u c t 
was c i t e d  as  a " r a r e  example o f  a h y d r id o -a lk e n e  com plex ."  L a te ly , 
U g u a g l ia t i  and B addley1 9  r e p o r te d  th e  p r e p a r a t io n  o f  
PtHCN[(NC)2 C“C(CN)2 ] ( E t 3 P) 2  from  PtHCNfEt3 p) 2  and te t r a c y a n o e th y le n e .
The p re sen c e  o f  a M-H band i n  t h i s  compound was con firm ed  by d e u te r a t io n  
s tu d i e s .
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T h is  l a s t  m en tioned  p u b l ic a t io n  i s  one o f  a s e r i e s  d ev o ted  to  
th e  s tu d y  o f  th e  bonding  c a p a b i l i t i e s  o f  c y a n o o le f in s  w ith  t r a n s i t i o n  
m e ta ls .  The s u g g e s tio n  t h a t  a c t i v a te d  o l e f i n s , 2 0  e s p e c i a l l y  
c y a n o o le f in s 2 1  c o u ld  le a d  to  th e  fo rm a tio n  o f  s t a b l e  t r a n s i t i o n  m e ta l-  
o l e f i n  com plexes i s  u n d e rs to o d  in  th e  c o n te x t  o f  th e  D ew ar-C hatt- 
Duncanson2 2  m odel f o r  m e ta l - o le f in  bond in g . T h is  bond i s  c u s to m a r i ly  
d e s c r ib e d  as  c o n s i s t in g  o f  two p a r t s :  ( a )  a cr-bond form ed by o v e r la p
o f  th e  f i l l e d  T T -orb ital o f  th e  o l e f i n  w ith  a v a c a n t m e ta l o r b i t a l  
( o l e f i n  -» M); and (b )  a TT-bond o b ta in e d  th ro u g h  o v e r la p  o f  th e  v a c a n t 
a n tib o n d in g  o r b i t a l  o f  th e  o l e f i n  w ith  a f i l l e d  d - o r b i t a l  o f  th e  m e ta l  
(M o l e f i n ) .  I f  th e  M o l e f i n  TT-bond i s  th e  more im p o r ta n t f a c to r  in  
c o n t r ib u t in g  to  th e  s t a b i l i t y  o f  th e  m e ta l - o le f in  bond, th e n  e le c t r o n -  
w ith d raw in g  s u b s t i t u e n t s  on th e  o l e f i n  w i l l  enhance t h i s  s t a b i l i t y .  A 
number o f  such c y a n o o le f in  com plexes w ith  th e  c o o r d in a t iv e ly  u n s a tu r a te d  
ds  complex I rC l(  C0)( Ph3 p ) s  have been  r e p o r te d . 2 3  The com plexes o b ta in e d  
may be view ed ( v id e  i n f r a )  a s  o x id a t iv e  a d d i t io n  to  I r C l(  C0)( Ph3 P) 2  by 
th e  o l e f in  to  g iv e  th e  c o o r d in a t iv e ly  s a tu r a te d  d6  i r i d i u m ( l l l )  a d d u c t.
F o r t h i s  r e s e a r c h ,  th e  u se  o f  c e r t a i n  a c t i v a te d  o l e f in s  w ith  
th e  c o o r d in a t iv e ly  s a tu r a te d  d8  i r id iu m  s u b s t r a t e s ,  IrH ( CO)( Ph3 p) 3  and 
IrH(CO)a( PH3 P) 2  and th e  c o o r d in a t iv e ly  s a tu r a te d  d6  com plex 
IrH s(C 0 )( Ph3 P) 2  h a s  le d  to  th e  i s o l a t i o n  o f  h y d r id o - o le f in  com plexes o f 
g e n e ra l  fo rm u la  I r H ( C 0 ) ( o le f in ) ( Ph3 P)2 • The s t a b i l i t i e s ^ o f  th e s e  
com plexes a r e  com parable  to  ( o r  g r e a t e r  th an ) th e  s t a b i l i t i e s  o f  o l e f i n  
com plexes o f  th e  c h lo ro -a n a lo g u e ,a n d  th e  two fo llo w in g  c i t a t i o n s  w i l l  
s e rv e  to  r e v e a l  th e  r o le  t h a t  th e  h y d r id e  l ig a n d  p ro b a b ly  p la y s  in  t h i s  
s t a b i l i t y .
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H arro d , e t .  a l . *S 4  found t h a t  IrH (C O )(Ph3P ) 3  undergoes
o x id a t iv e  a d d i t io n  (w ith  th e  lo s s  o f  a  Ph3P m o le c u le , th e  in te rm e d ia te  
may be view ed a s  a  c o o r d in a t iv e ly  u n s a tu r a te d  da s p e c ie s )  r e a c t io n s  
w ith  t r i a r y l  and t r i a l k y l s i l a n e s  more r e a d i ly  th a n  does I r C l ( c o ) ( P h 3P )2 . 
The a u th o rs  s t a t e  t h a t  th e s e  r e s u l t s  a r e  in  a cco rd  w ith  th e  c u r r e n t ly  
h e ld  b e l i e f  t h a t  o x id a t iv e  a d d i t io n s  a r e  prom oted by th e  p re se n c e  o f 
e l e c t r o n  r e l e a s in g  l ig a n d s  on th e  r e a c ta n t  com plex , 25  hydrogen  b e in g  
more e le c t r o n  r e l e a s in g  th a n  c h lo r id e .  C la rk , e t .  a l . , 2 6  r e p o r te d  a 
s t a b l e  complex i s  formed from  IrCl(CO)(M ePh^P ) 2  and th e  a c t i v a te d  
o l e f i n ,  t e t r a f lu o r o e th y le n e ,  b u t th e  complex form ed from  IrC l(C O )(P h 3p ) 2  
d i s s o c i a t e s  in  s o lu t io n . 27  The m e th y ld ip h en y lp h o sp h in e  in  th e  fo rm er 
compound i s  a  b e t t e r  <j-donor b u t  a  w eaker T f-accep to r l ig a n d  th a n  
tr ip h e n y lp h o s p h in e , and th e  r e s u l t i n g  h ig h  e l e c t r o n  d e n s i ty  on th e  m e ta l 
atom  le a d s  to  th e  fo rm a tio n  o f  more s t a b l e  compounds.
t r a n s i t i o n  m e ta ls  h as  b een  under d is c u s s io n  i n  th e  l i t e r a t u r e  fo r  
many y e a r s .  F o r o l e f i n s ,  th e  d is c u s s io n s  c e n te r  around  two a l t e r n a t e  
c o n f ig u ra t io n s  d e p ic te d  a s  fo llo w s :
The n a tu re  o f  th e  bond ing  o f o l e f i n s  and a c e ty le n e s  to





S t r u c tu r e  £  r e p r e s e n ts  th e  c o n v e n tio n a l m e ta l - o le f in  bond 
a s  found in  Z e i s e 's  s a l t ,  K [P tC l3 (C2H4 )]H 2 0 , w ith  th e  o x id a t io n  s t a t e
o f  th e  m e ta l unchanged from th e  s u b s t r a t e  from which i t  was d e r iv e d , 
i . e . , K aC PtC l^]. A lthough  c o o rd in a te d  o l e f in s  have g e n e r a l ly  been  
d e p ic te d  as  r i g i d l y  a t ta c h e d  to  m e ta l io n s  w ith  th e  o l e f i n  bond 
p e rp e n d ic u la r  to  th e  c o o rd in a t io n  p lan e  in  c o o rd in a te  p la n a r  com plexes, 
th e r e  i s  some e v id en ce  t h a t  f r e e  r o t a t i o n  o f  th e  o l e f i n  i s  p o s s ib le  in  
s o lu t io n .  Cramer2 8  p re s e n te d  nmr d a ta  to  show t h a t  e th y le n e  c o o rd in a te d  
to  rhodium ( i )  in  th e  compound TT-CsHsEhf 0 2 ^ ) 2  can  r o t a t e  w ith  th e  
c o o rd in a t io n  bond as  a x i s .  S t r u c tu r e  I I  im p lie s  t h a t  th e  o l e f i n  i s  
bonded v ia  two a -bonds in  a " m e ta lla c y c lo p ro p a n e "  r in g  s t r u c tu r e  w ith  
th e  o x id a tio n  s t a t e  o f th e  m e ta l in c re a s e d  by +2 u n i t s .  The l a t t e r  
ty p e  o f s t r u c t u r e ,  f o r  in s ta n c e ,  was p ro posed 2 6  f o r  
I rC l(  C0)(CgF4 )(MePh2 p ) 2  on th e  b a s i s  o f  th e  te m p e ra tu re  in v a r i a n t  19F 
nmr w hich showed two complex m u l t ip l e t s  in d ic a t in g  a doub ly  a -bonded  
r i g i d  s t r u c tu r e  which h as  two d i f f e r e n t  f lu o r in e  e n v iro n m en ts . O ther 
a u th o rs 2 7  have u sed  nmr as  a b a s is  f o r  ch o o sin g  betw een th e  two 
ex trem e s t r u c tu r e s  d e p ic te d  above, Vaska2 9  has a s s ig n e d  r e l a t i v e  
o x id a tio n  s t a t e s  to  I r  in  a s e r i e s  o f  o l e f i n  com plexes o f  
I rC l(C 0 )(P h 3 P) 2  b ased  on th e  o b se rv ed  s h i f t s  f o r  th e  ca rb o n y l 
s t r e t c h i n g  freq u en cy  r e l a t i v e  to  t h a t  in  I r C l2 l (C 0 )(P h 3 P) 2  where I r  
was a ss ig n e d  an o x id a t io n  s t a t e  o f  +3 . The in c re a s e  in  th e  c a rb o n y l 
s t r e t c h i n g  freq u e n cy , i f  assumed to  a r i s e  from  w eaker b a c k -d o n a tio n  
o f  e le c t r o n  d e n s i ty  from  th e  m e ta l ,  would th e n  p ro v id e  an  a sse ssm e n t 
o f  th e  p o s i t iv e  ch arg e  on th e  m e ta l . 2 3  T h is view  o f  g ra d a t io n s  from 
one l im i t in g  s t r u c t u r e  to  th e  o th e r  h a s  i t s  p ro p o n e n ts3 0  in  th e  
an a lo g o u s c a se  f o r  a c e ty le n e  bonding  to  m e ta ls .  B addley2 3  has 
su g g es te d  v iew ing  th e  bonding  from th e  m o le c u la r  o r b i t a l  approach
where a "p u re  fT-bond'1 would be e q u iv a le n t  to  th e  v a len ce -b o n d  
c o n c e p tio n  o f  two a -b o n d s .
D uring th e  c o u rse  o f  t h i s  work some nmr d a ta  p e r t i n e n t  to  
th e  above b r i e f  d is c u s s io n  was o b ta in e d  and w i l l  be  r e p o r te d  in  th e  
R e s u l ts  and D is c u s s io n  s e c t io n .
As m en tioned  p r e v io u s ly ,  c e r t a i n  a c t i v a te d  o l e f in s  gave r i s e  
to  h y d r id o - o le f in  com plexes. The r e a c t io n  o f  te tr a c y a n o e th y le n e  w ith  
th e  a fo rem en tio n ed  i r id iu m  s u b s t r a t e s  produced  a  r a th e r  n o v e l p ro d u c t 
c o n ta in in g  a  Tf-bonded te tr a c y a n o e th y le n e  group and a  o-bonded k e ten im in e  
g r oup.
K e ten im in a to -co m p lex es  o f  th e  t r a n s i t i o n  m e ta ls  a r e  n o t 
unknown, b u t th ey  a r e  n o t common. Beck and cow orkers31  u t i l i z e d  
p o ta ss iu m  tr ic y a n o m e th a n id e , k( C4 N3) , to  form  com plexes o f g e n e ra l  
fo rm u la  M(N02 )L( C4 N3 ) (M = Co, N i; L = Ph3P , (C6H i;l)3P ) ,
from  m e ta l n i t r o s y l  h a l i d e s .  I n  f u r th e r  s t u d i e s , 3 2  compounds w ere 
form ed from  m e ta l c a rb o n y ls  a c c o rd in g  to  th e  r e a c t io n  g iv en  by e q . 5 .
m (co ) 6  + k [ c ( c n ) 3 ]  K[M(C0)5 (C4N3) ] +  CO (5 )
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w here M = C r, Mo, o r  W.
T e tra c y a n o e th y le n e , r e a c t in g  w ith  ( c 5 Hg)]?e(C0)2 CH2 C6Hs in  
d ic h lo ro m e th a n e  a t  2 5 °  f o r  9  ^ r » le a d s  to  1 , 2 - and l , k - i n s e r t i o n  o f  
(NC)2 C=C(CN) 2  in to  th e  Fe-CH2 CSH5  bond . 3 3  The 1 , ^ - i n s e r t i o n  p ro d u c t
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e x h ib i t s  s t ro n g  bands a t  2 1 5 1  cm"1  and I 296  cm"1  w hich w ere a ss ig n e d  
to  asym m etric  and sym m etric  N=C=C s t r e t c h e s  r e s p e c t iv e ly .
K eten im ines a r e  known f o r  m ain group e lem en ts  a l s o .  Neumann 
and cow orkers3 4 *3 5  have  p re p a re d  k e ten im in es  o f  Sn and  Pb by t h i s  
g e n e ra l  r e a c t io n :
CN
R1HC“C^ +  R3MH -> R1HC-C=C=N-MR3  ( 6 )
011 H ^N
R1 = e . g . , CH3 » C6Hs, C2H5 O, j> Cl-CgHi
R =  C2 H s ,  C4 H9
These k e te n im in e s  a r e  q u i t e  r e a c t i v e ,  and r e a d i l y  undergo  h y d ro ly s is  
and a lc o h o ly s i s .  W ith r e a c t iv e  h a l id e s ,  th e  a lk y l  m e ta l h a l id e  and 
s u b s t i t u t e d  m a lo n o n i t r i le s  a re  o b ta in e d .
R1 CH2 C (C N )=C =N -M R 3  .S -.QB- >  R1 CH2 C (C N )a H +  R"0MR3  ( t )= n -m r J
R - --  >  r 1 c h 2 c ( c n ) 2 r w +  G1MR3  ( 8 )
R/; = H, CaH5
R'" =  CH3 CH=GHCH2 C 1 , C g H sC O C l, C6 H5CHs C1
A b e l, e t .  a l . , 3S have re p o r te d  l , k - a d d i t i o n  o f  c e r t a in  o rg an o - 
m e ta l l i c  b a se s  and o th e r  compounds such as  (Me2 N)3 B, Me3SiSMe to  
(CF3 ) 3 C=C(CN)a  and (CF3 )(C F2Cl)C=C(CN)a to  p roduce k e te n im in e s  under 
m ild  c o n d i t io n s .
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R eac tio n s  ( 7 ) and ( 8) above a re  an a logous to  c e r t a i n  ones 
in v o lv e d  in  t h i s  re s e a rc h  and w i l l  be r e f e r r e d  to  a g a in  l a t e r .
The a c t iv a te d  o l e f i n ,  a c r y l o n i t r i l e ,  w hich has been  used  in  
t h i s  work, i s  known to  form  com plexes w ith  t r a n s i t i o n  m e ta ls .
S c h ra u z e r37  r e p o r te d  th e  fo rm a tio n  o f  a b i s a c r y l o n i t r l l e  n ic k e l  com plex, 
a p y ro p h o ric  su b s ta n c e  o b ta in e d  from r e f lu x in g  Ni(C0 ) 4  and a c r y l o n i t r i l e .  
The absence  o f  th e  in te n s e  v in y l  a b s o r p t io n  in  th e  cm 1 re g io n
in d ic a te d  t h a t  th e  T T -electrons o f th e  d o ub le  bond i n  a c r y l o n i t r i l e  were 
in v o lv e d  in  th e  bond ing . The n i t r i l e  a b s o rp tio n  was found a t  2220 cm 1 , 
s h i f t e d  s l i g h t l y  from 22^5 cm 1 i n  l i q u id  a c r y l o n i t r i l e .  Yamamoto38  
o b ta in e d  a 1 : 1  ad d u c t u s in g  d ie th y ld ip y r id y ln ic k e l  and a c r y l o n i t r i l e .
T h is  o range ad d u ct, which d i s s o c ia t e s  a t  - 7 8 °  was r e p o r te d  to  be an 
a c t iv e  c a t a l y s t  f o r  th e  p o ly m e r iz a tio n  o f a c r y l o n i t r i l e .  D ew h irs t3 9  
s tu d ie d  th e  r e a c t io n  o f  a c r y l o n i t r i l e  w ith  e th a n o l ic  RhCl3  and o b ta in e d  
a c h lo ro -b r id g e d  p ro d u c t o f  ap p ro x im ate  co m p o sitio n  ( CH£=CH-*CN)aRhCl2 , 
w herein  one o f  th e  a c r y l o n i t r i l e  m o ie t ie s  was b e l ie v e d  to  be tf-bonded to  
E h ( l l l )  and th e  o th e r  p e rh ap s  TT-bonded s in c e  i t  co u ld  be d is p la c e d  by 
p y r id in e  to  y ie ld  ( CH3 CHCN)RhCl2 (C5 H5H )3 . T h is  r e a c t io n  was th o u g h t to  
in v o lv e  an in te rm e d ia te  R h ( l l l )  h y d r id e , and to  p ro v id e  ev id en ce  f o r  h is  
above fo rm u la t io n  he a llo w ed  (MePh2 A s)3 RhHCl2  to  r e a c t  w ith  a c r y lo ­
n i t r i l e .  The p ro d u c t o b ta in e d , (MePh2 A s)3 Rh( CH3 CHCN)C12 , r e a c te d  w ith  
p y r id in e  to  g iv e  ( CH-aCHCSt) RhCl2( C5 HsN)3 .
The two l a t t e r  c i t a t i o n s  a r e  o f i n t e r e s t  b ecau se  in te rm e d ia te s  
in  th e  p o ly m e riz a tio n  o f  o le f in s  by Z le g le r - N a t ta  c a t a l y s t s  and o th e r  
t r a n s i t i o n  m e ta l c a t a l y s t s  have been  p o s tu la te d  to  c o n ta in  a o-bonded
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and a IT-bonded o rg a n ic  m o ie ty .40 The r e s u l t s  r e p o r te d  h e r e in  show th a t  
such a m odel in te rm e d ia te  which i s  r e l a t i v e l y  s t a b l e  can be form ed by 
th e  r e a c t io n  o f a c r y l o n i t r i l e  w ith  th e  h y d r id o - ir id iu m  s u b s t r a t e s .
The l a t t e r  p o r t io n  o f  th e  work f o r  t h i s  D i s s e r t a t io n  co v ers  
th e  re s e a rc h  begun on th e  r e a c t io n s  o f  a c e ty le n e s  w ith  IrH( CO) ( Ph3 p) 3  
and IrH(CO )s( Ph3 P )2 . A lthough th e  in v e s t i g a t i o n  has n o t been  e x te n s iv e ,  
th e re  a re  in d ic a t io n s  t h a t  an i n t e r e s t i n g  v a r i e t y  o f  ty p es  o f  compounds 
can be produced depending  on th e  i r id iu m  com plex u sed , th e  n a tu re  o f  
th e  a c e ty le n e  and th e  r e a c t io n  c o n d i t io n s .
A c u rso ry  su rv ey  o f  th e  l i t e r a t u r e  r e v e a ls  t h a t  many o f th e  
t r a n s i t i o n  m e ta l h y d r id e s , and e s p e c ia l l y  th e  c a rb o n y l h y d r id e s  o f Mn,
Co, and Re, r e a c t  r e a d i ly  w ith  a c e ty le n e s  v ia  i n s e r t i o n  r e a c t io n s  to  
g iv e  o - v in y l  d e r i v a t i v e s . 41
The o n ly  known r e a c t io n  o f  a c e ty le n e s *  w ith  h y d r id o ir id iu m  
com plexes concerned  th e  h y d ro g e n a tio n  o f a c e ty le n e  to  e th y le n e  and 
e th an e  w ith  IrH( CO)( Ph3 p) 3  as  c a t a l y s t . 4 2  However, as a c a t a l y s t  i t  was 
found to  be i n e f f i c i e n t  b ecau se  o f  a c o n c u r re n t  and i r r e v e r s i b l e  r e a c ­
t io n  w ith  th e  a c e ty le n e ,a n d  no in te rm e d ia te  complex was i s o l a t e d .
I n  th e  work d e sc r ib e d  h e r e in  i t  was found th a t  PhC-CH r e a c t s  
w ith  th e  i r id iu m  s u b s t r a te s  to  form  a h y d r id o -d ia c e ty l id o -c o m p le x . T h is  
i s  o f  p a r t i c u l a r  i n t e r e s t  s in c e  M eriw eth e r, e t .  a l . , 4 3  have p roposed  
such a ty p e  o f  compound as  an in te rm e d ia te  i n  th e  l i n e a r  p o ly m e r iz a tio n  o f
At th e  tim e o f  w r i t in g ,  a p re l im in a ry  com m unication r e p o r t in g  r e a c t io n s  
o f  a lk - l - y n e s  w ith  h y d r id o ir id iu m  com plexes was p u b lis h e d . 7 1  T h is work 
w i l l  be r e f e r r e d  to  in  th e  R e s u lts  and D is c u s s io n  s e c t io n .
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ra o n o su b s titu te d  a c e ty le n e s .  They p o s tu la te d  t h a t  a  h y d r id o -n ic k e l  
com plex c o n ta in in g  a  o-bonded a c e ty l id e  group  was th e  " a c t iv e "  
c a t a l y s t  form ed from  th e  n ic k e l-c a rb o n y l-p h o s p h in e  com plex used in  
th e  p o ly m e r iz a tio n  r e a c t i o n s .
G e n e ra l ly , cr-bonded a c e ty le n e  com plexes a r e  p re p a red  by 
m e ta th e t i c a l  r e a c t io n s  betw een  th e  m e ta l h a l id e  and an  a l k a l i  m e ta l 
a c e ty l id e  in  l i q u id  ammonia and a c e ty l id e s  o f  C r, Mo, W, P t ,  and Pd, 
have  b een  p re p a re d  in  t h i s  w ay .4 4  The fo rm a tio n  o f  an a c e ty l id e  from  
IrC l(C 0 )(P h 3P ) 2  by an a d d i t io n  r e a c t io n  has b een  r e p o r t e d . 45  When 
HCsGCOaEt and th e  i r id iu m  complex a re  h e a te d  i n  benzene  a t  5 0 ° fo r  
15 h r ,  a  h y d rid o -m o n o a c e ty lid e  com plex i s  o b ta in e d . The a-bonded 
a c e ty l id e  m o ie ty  in  t h i s  compound e x h ib i t s  a  c h a r a c t e r i s t i c  s t ro n g  
band a t  2 1 5 0  cm- 1 .
The same a u th o rs  r e a c te d  PhCsCH w ith  IrC l(C 0 ) (P h 3P ) 2  fo r  
1 5  h r  a t  8 0 °, b u t  th e  i s o l a t i o n  o f  an  in te rm e d ia te  i r id iu m -a c e ty le n e  
s p e c ie s  was n o t a t te m p te d . The i r id iu m  was re c o v e re d  as 
XrCl3 (C 0)(Ph3P ) 2  by th e  a c t io n  o f  HC1 on th e  r e a c t i o n  m ix tu re , and th e  
re m a in in g  s o lu t io n  y ie ld e d  p o ly p h e n y la c e ty le n e  w hich was i d e n t i f i e d  
by e le m e n ta l a n a ly s is  and by i t s  in f r a r e d  sp ec tru m  w hich was s im i la r  
to  t h a t  r e p o r te d  by Okamoto4 6  f o r  p o ly p h e n y la c e ty le n e  o b ta in e d  by 
th e rm a l p o ly m e r iz a tio n  o f  th e  n e a t  a c e ty le n e .
F u r l a n i ,  e t .  a l . , 4 7  found  t h a t  c i s -  and t r a n s - P tC l 2 (Ph3P ) 2 , 
tra n s -P tH C l(P h 3P ) 2 , P t(P h 3P )4 , and Pt(CHHCPh)(Ph3P ) 2  a c te d  as  c a t a l y s t s  
f o r  th e  p o ly m e r iz a tio n  o f  b u lk  p h e n y la c e ty le n e  a t  r e f l u x  te m p e ra tu re s ,  
th e  r e a c t io n  b e in g  com pleted  w i th in  5 h r .  A t room te m p e ra tu re , th e s e  
compounds r e a c te d  w ith  PhC=CH w ith o u t p o ly m e r iz a tio n  to  p roduce m ain ly
t r a n s - P t ( CsCPh)p(Ph3P ) p , and sm a ll amounts o f  th e  c i s - is o m e r . The c h lo ro  
compounds a l s o  produced some PtC l(C =C Ph)(Ph3 P )2 « These a c e ty l id e  com­
p le x e s  w ere assumed to  be th e  " a c t iv e "  c a ta ly s t s ,  and a  p o ly m e r iz a t io n  
scheme was advanced w hich d id  n o t in v o lv e  a  h y d r id e  com plex a s  d id  
M e r iw e th e r 's  scheme p re v io u s ly  m en tio n ed . I n s te a d ,  a  m o le c u le  o f  th e  
monomer u n i t  would TT-bond as  a  f i f t h  l ig a n d  to  th e  a c t i v e  c a t a l y s t  and 
su b se q u e n tly  i n s e r t  in to  th e  P t - a c e t y l i d e  bond to  e f f e c t  d im e r iz a t io n  
and e v e n tu a l ly  p o ly m e r iz a tio n  as  t h i s  p ro c e ss  c o n tin u e d .
m e ta ls , and many o f  th e s e  ty p e s  o f  com plexes have  b een  r e p o r te d  in  th e  
l i t e r a t u r e  o v e r th e  p a s t  20 y e a r s .  As w ith  Tf-bonded o l e f i n s ,  two 
ex trem e bond ty p e s  have  b een  p o s tu la te d  fo r  c o o rd in a te d  a c e ty le n e s .
In  s t r u c t u r e  I I I , th e  a c e ty le n e  i s  th o u g h t to  a c t  a s  a m onodentate  
lig a n d 4 0  w hereas i n  IV , th e  a c e ty le n e  i s  assumed to  be doub ly  a-bonded 
w ith
on th e  b a s i s  o f  in f r a r e d  s t r e t c h i n g  f r e q u e n c ie s  w h ere in  a c e ty le n e s  
bonded as  i n  I I I  e x h ib i t  a lo w e rin g  o f  130-200 cm- 1  from  th e  ran g e  
2260-2190 cm- 1  n o rm a lly  e x h ib i te d 5 0  by d i s u b s t i t u t e d  a c e ty le n e s .  I f  
th e  a c e ty le n e  i s  s t r o n g ly  c o o rd in a te d  as  i n  IV , th e  t r i p l e  bond







I I I IV
r e s u l t i n g  a n g u la r  d i s t o r t i o n . 4 9  T hese  s t r u c tu r e s  have b een  su g g es te d
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s t r e t c h i n g  freq u e n cy  i s  low ered  by c a .  5 0 0  CUT'S and such f r e q u e n c ie s  
around  I 7 OO cm"1  have  b een  compared to  sm a ll r i n g  e n d o c y c lic  o l e f i n s . 27 
A cco rd in g  to  C ollm an , 4 5  th e  q u e s t io n  i s  u n s e t t l e d  a s  to  w h e th e r th e  
two bond ty p e s ,  I I I  and IV , r e p r e s e n t  en erg y  minima and co u ld  be found 
i n  v a le n c e  tau to m erism  o r w h e th er th e s e  a r e  ex trem e  d i s c r i p t i o n s  o f  a  
g ra d u a l t r a n s f o r m a t io n .  S ince  r e p o r te d  in f r a r e d  s t r e t c h i n g  f re q u e n c ie s  
among c o o rd in a te d  a c e ty le n e s  a re  s c a t t e r e d  o v e r  th e  ra n g e  2 0 6 0  to  
1600 cm"1 , Collm an p ro p o ses  a  g ra d u a l change r a t h e r  th a n  two d i s t i n c t  
bond ty p e s .
B efo re  p ro c e ed in g  w ith  th e  r e p o r t  o f  th e  work in v o lv e d  in  
t h i s  D i s s e r t a t i o n ,  a  b r i e f  d is c u s s io n  o f  two o f  th e  i r id iu m  s u b s t r a te s  
used  h e r e in  would be  i n  o r d e r .
The h y d rid o -co m p lex , IrH (C 0)(P h 3 P )3 , f i r s t  form ed by 
r e d u c t io n  o f  I rC l(C 0 )(P h 3P ) 2  w ith  95# aqueous h y d ra z in e , 5 1  i s  i s o -  
s t r u c t u r a l  w ith  EhH(C0)(Ph3P )3 , whose x - r a y  c r y s t a l  s t r u c t u r e 5 2  shows 
i t  to  be t r i g o n a l  b ip y ra m id a l w ith  H anc CO in  th e  t r a n s  p o s i t i o n .  The 
re so n an c e  o f  th e  h y d r id ic  p ro to n  i n  th e  i r id iu m  complex shows a 
1 :3 :3 :1  q u a r t e t  s t r u c t u r e  ( 8  = -1 1 .2  ppm, = ^ 2  Hz ) ;  a c c o rd in g ly ,
a  t r i g o n a l  b ip y ra m id a l s t r u c t u r e  i s  im p lie d .
T h is  i r id iu m  com plex i s  a  c a t a l y s t  f o r  th e  h y d ro g e n a tio n  o f 
a l k - l - e n e s , 4 2  b u t  i t  i s  n o t as e f f e c t i v e  as  th e  c o rre sp o n d in g  rhodium  
a n a lo g u e . I n  th e  scheme p roposed  by O 'Connor and W ilk in so n 5 3  f o r  
h y d ro g e n a tio n s  u s in g  RhH(C0)(Ph3P )3 , p r io r  d i s s o c i a t i o n  o f  a  Ph3P 
to  p roduce  a  c o o r d in a t iv e ly  u n s a tu r a te d  s p e c ie s  i s  n e c e s sa ry  f o r  
a lk c n e  c o o r d in a t io n ,  and t h i s  d i s s o c i a t i o n  i s  n o t r e a d i ly  undergone by 
th e  i r id iu m  a n a lo g u e  a t  m odera te  te m p e ra tu re s .
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The c r y s t a l  s t r u c t u r e  a n a ly s i s 3 4  o f  th e  o rth o rh o m b ic  form  of 
IrH(CO )2 (Ph3P ) 2  shows a  d i s t o r t e d  t r i g o n a l  b ip y ram id  in  w hich a P atom 
and th e  h y d r id e  hydrogen  occupy th e  a x i a l  p o s i t i o n s .  I n  s o lu t io n ,  th e  
in f r a r e d  s p e c t r a  su g g e s t d i f f e r e n t  form s o r  iso m e ric  s p e c ie s  o f  
XrH(C0 ) 2 (Ph3 P )2 , and on th e  b a s i s  o f  nmr s tu d ie s  i n  d i f f e r e n t  s o lv e n ts  
and a t  d i f f e r e n t  te m p e ra tu re s ,  Yagupsky and W ilk in so n 5 5  co ncluded  t h a t  
t h i s  complex e x h ib i t s  is o m e ric  f lu x io n a l  b e h a v io r ,  e x i s t i n g  i n  form s 
w ith  Cg and Cg^, sym m etry. The h ig h  f i e l d  nmr s ig n a l  o b se rv ed  f o r  t h i s  
compound depends on th e  s o lv e n t  used and th e  m ole f r a c t i o n  o f  th e  
iso m e ric  form s p re s e n t  in  s o lu t io n .  The o b se rv ed  t r i p l e t  i s  an 
av e rag e  o f  two s e p a r a te  t r i p l e t s  and o n ly  J ^ .  v a lu e s  w ere g iv e n .
F o r th e  work r e p o r te d  h e r e in ,  combined nmr and in f r a r e d  
s tu d ie s  have a id e d  in  th e  e lu c id a t io n  o f  th e  s te r e o c h e m is t ry  fo r  some 
o f  th e  compounds, o r e l s e  h ave  a llo w ed  a c e r t a i n  amount o f  s p e c u la t io n  
re g a rd in g  them . The p re se n c e  o f  a c a rb o n y l group in  th e  h y d rid o -co m p lex es  
i s  a u s e f u l  p robe  and h a s  been  used  e f f e c t i v e l y  by Vaska5 6 *5 7  in  
a r r i v i n g  a t  p ro b a b le  s t r u c tu r e s  o f com plexes. I f  th e  c a rb o n y l 
s t r e t c h i n g  freq u e n cy  i s  s h i f t e d  i n  go ing  from  th e  h y d r id o -  to  th e  
c o rre sp o n d in g  d e u te r id o -c o m p le x , a  t r a n s  H-CO arran g em en t i s  s i g n i f i e d .  
B ra term an  and cow orkers5 8  u t i l i z e d  t h i s  same e f f e c t  in  t h e i r  a s s ig n ­
m ents o f in f r a r e d  bands f o r  H R e(co)g . An e x p la n a t io n  an a lo g o u s  to  
t h e i r s  b u t a p p l ie d  to  th e  h y d r id o ir id iu m  com plexes w here >  vCQ,
can  be fo llo w ed  by r e f e r e n c e  to  F ig u re  I .
I n  IrH (C O )(ph3P )a  th e  v and v s t r e t c h i n g
X r-H  CO
m odes, i f  b e lo n g in g  to  th e  same symmetry s p e c ie s  ( v e r t i c a l  d o tte d
l i n e s ,  to p  row o f  f ig u r e )  w i l l  mix and produced  o b serv ed  bands a t  
h ig h e r  and low er e n e rg ie s  ( v e r t i c a l  s o l id  l i n e s ,  second  row o f  F ig u re  
l ) . I n  IrD (C 0)(P h 3 P )3 , how ever, th e  p u re ly  c a rb o n y l symmetry c o o rd in a te  
i s  s e p a ra te d  by a la rg e  amount from  th e  I r -D  symmetry c o o rd in a te .  T h e ir  
m ix ing  w i l l  be much d e c re a se d , and th e  o b se rv ed  bands ( s o l id  v e r t i c a l  
l i n e s ,  l a s t  row o f  f ig u r e )  w i l l  s u f f e r  s m a l le r  energy  s h i f t s  from  th e  
p o s i t io n s  o f  th e  unmixed c o o rd in a te s .  T h e re fo re , th e  c a rb o n y l band i s  
o b se rv ed  to  s h i f t  to  h ig h e r  en e rg y  (d ia g o n a l  arrow ) when i s
re p la c e d  by Vjr  go ing  from  IrH(CO)L3  to  IrD (C 0 )L 3 .
F ig u re  \
R e p re s e n ta t io n  o f  o b se rv ed  s h i f t  (d ia g o n a l arrow ) f o r  
Vqq i n  g o in g  from  IrH(CO)L3  to  IrD (C 0)L3 .
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I r - D
> X r D ( C O ) L
E n e r g y
EXPERIMENTAL - GENERAL
T his  s e c t io n  in c lu d e s  in fo rm a tio n  on g e n e ra l  p ro c e d u re s , 
te c h n iq u e s , and r e f e r e n c e s  to  th e  p r e p a r a t io n  o f  known s t a r t i n g  m a te r ­
i a l s .  Where m o d if ic a t io n s  o f  th e  l i t e r a t u r e  m ethods a re  in tro d u c e d , a 
d e s c r ip t i o n  i s  g iv e n . The p r e p a r a t io n  o f  new compounds i s  d e sc r ib e d  
in  th e  n e x t s e c t io n .
G e n era l P ro ced u res
M ost r e a c t io n s  and r e c r y s t a l l i z a t i o n s  were c a r r i e d  o u t u n d er 
a n i t r o g e n  a tm osphere  u s in g  th e  ty p e s  o f  g la ssw a re  and te c h n iq u e s  
d e s c r ib e d  e ls e w h e re . 5 9  The f i l t r a t i o n s  w ere u s u a l ly  done in  th e  open 
a tm o sp h ere , u n le s s  s t a t e d  o th e rw is e .
R e a c tio n  tim es and c o n d i t io n s  f o r  many o f th e  s y n th e s e s  were 
e s ta b l i s h e d  by in f r a r e d  m o n ito r in g  o f sam ples w ithdraw n from  th e  
r e a c t io n  v e s s e l .
D eu te rid o -co m p lex es  w ere u t i l i z e d  f o r  d ia g n o s t ic  pu rposes 
o n ly  to  i n d ic a te  th e  p re se n c e  o r  ab sen ce  o f  I r -H  bonds, and th e se  
compounds w ere n o t  f u l l y  c h a r a c te r iz e d  i n  th e m se lv e s .
S i l i c a  g e l  (0 .0 5 - 0 .2 0  mm) 70-525  mesh ASM was u t i l i z e d  f o r  
column ch rom atography . T hin  la y e r  chrom atography u s in g  S ilicA R  TLC-^GF 
on m icroscope  s l i d e s  was u t i l i z e d  to  e s t a b l i s h  s o lv e n t  system s f o r  
column chrom atography and to  in d ic a te  th e  r e l a t i v e  p u r i t y  o f  sam p les .
I n  g e n e r a l ,  chrom atography was n o t  u sed  w ith  th e  c y a n o o le f in  com plexes. 
A lthough  im p u r i t ie s  cou ld  be s e p a ra te d ,  no c o n v e n ie n t s o lv e n t  system
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was found to  be s a t i s f a c t o r y  to  move th e  d e s i r e d  compound on a  column o r 
on a  t h i n  la y e r  s l i d e .
In s tru m e n ta t io n
I n f r a r e d  s p e c t r a  w ere o b ta in e d  u s in g  a  Beckman IR -7 in s tru m e n t .  
S p e c tra  o f  s o lu t io n s  o f  th e  compounds w ere o b ta in e d  u s in g  c a .  0 .2  mm 
NaCl s o lu t io n  c e l l s  and m easu rin g  v e rsu s  n e a t  s o lv e n t .  S o lid s  w ere 
a ls o  a n a ly z e d  as  e i t h e r  N u jo l o r  h e x a c h lo ro b u ta d ie n e  (HCBD) m u lls .
The fo llo w in g  a b b re v ia t io n s  used  to  d e s c r ib e  s p e c t r a l  band i n t e n s i t i e s  
and band w id th s  a r e ;  vs -  v e ry  s t r o n g ;  s - s t r o n g ;  m - medium; 
w -  weak; sp  -  s h a rp ; b r  - b ro a d ; and sh  -  s h o u ld e r .  A l l  band p o s i t io n s  
a re  g iv e n  i n  cm
P ro to n  n u c le a r  m ag n etic  re so n an c e  s p e c t r a  w ere o b ta in e d  w ith  
V a rian  M odels A-60A and HA-100 s p e c tro m e te r s .  S a tu ra te d  s o lu t io n s  o f  
th e  com plexes i n  CDC13  ( f o r  low f i e l d  s p e c t r a )  o r in  CH2 C12  ( f o r  h ig h  
f i e l d  s p e c t r a )  w ere used  w ith  t e t r a m e th y ls i l a n e  as  an  i n t e r n a l  s ta n d a rd .
M e ltin g  p o in ts  w ere ta k e n  on a F is h e r - J o h n s  a p p a ra tu s  and a re  
u n c o r r e c te d .
M o lecu la r w e ig h ts  w ere  d e te rm in ed  w ith  a  H e w le tt-P ack a rd  
M echrolab Model 302 Osmometer i n  c h lo ro fo rm  u s in g  a  37° Non-Aqueous 
p ro b e . B ecause o f  th e  l im i te d  s o l u b i l i t y  o f  roost o f th e  compounds 
s tu d ie d ,  a  c a l i b r a t i o n  p l o t  was c o n s tru c te d  f o r  th e  ra n g e  to  
0 , 0 l 2  m o la l u s in g  t r i p l y  r e c r y s t a l l i z e d  b e n z i l .
E lem e n ta l A n a ly s is
C arbon , hyd ro g en , and n i t r o g e n  a n a ly s e s  w ere done by
M r. R alph Seab o f  L o u is ia n a  S ta te  U n iv e r s i ty .  A n a ly ses  f o r  p h o sp h o ru s ,
n i t r o g e n  and f lu o r in e  w ere perform ed by G a lb ra i th  L a b o r a to r ie s ,  I n c . ,  
K n o x v ille , T e n n e sse e .
M a te r ia ls
The i r id iu m  s a l t s  w ere p u rch ased  from  A lfa  I n o r g a n ic s ,  I n c . ,
B e v e r ly , M a ssa c h u se tts  and from  E n g e lh ard  I n d u s t r i e s ,  Newark,
New J e r s e y .
T e tra c y a n o e th y le n e  (TCNE) was r e c r y s t a l l i z e d  from  b o i l in g  
,ch lo ro b en zen e  and sub lim ed  b e fo re  u s e .  F h e n y la c e ty le n e  was d i s t i l l e d  
from  ROH. Benzene was s to r e d  o v e r sodium . A ll  o th e r  s o lv e n ts  and 
ch em ica ls  used  w ere o f  r e a g e n t  g rad e  q u a l i t y .
T r a n s - c h lo r o c a r b o n y lb is ( t r ip h e n y lp h o s p h in e ) i r id iu m ( l ) , IrC l(C O )(P h 3P ) a , 
was p re p a red  by Method B o f  C ollm an and Kang . 4 5
Hydr id o  c a rb  ony1t r  i  s ( t r ip h e n y lp h o s  p h in e ) i r  id  ium £ l ) ,  IrH (C O )(Ph3P ) 3 , 
was p re p a red  in  o v e r 90$ y ie ld  u s in g  NaBRj. a s  th e  h y d r id e  so u rc e  and 
i s  an  im provem ent on th e  o r i g i n a l  p r e p a ra t io n 5 1  u s in g  h y d ra z in e .
To a  su sp e n s io n  o f  tra n s - I rC l(C O )(P h 3 P ) 2  (1 .5  gj 1 -9 2  mmoles) 
c o n ta in in g  Ph3P ( I .9 6  g ,  7*5 mmoles) in  e th a n o l  (1+0 m l) a t  6 0 -6 5 °  was 
added NaBRj. ( c a .  1 .5  g) i n  p o r t io n s  w ith  s t i r r i n g  o v e r a 20 m in 
i n t e r v a l .  A f te r  a n o th e r  ho u r o f  s t i r r i n g ,  o r  u n t i l  a  t e s t  p o r t io n  o f 
th e  suspended y e llo w  s o l id  showed no band i n  th e  i r  a t  1 9 5 5  cm- 1  [due 
to  t r a n s - I rC l(C 0 )(P h 3 P )? ] ,  th e  warm r e a c t io n  m ix tu re  was f i l t e r e d ,
washed w ith  two p o r t io n s  ( 2 0  m l) each  o f  e th a n o l ,  warm w a te r ,  e th a n o l ,
and d r ie d  to  a  b r i g h t  y e llo w  s o l i d ,  mp 1 8 5 ° . The i r  (HCBD m u ll)
p a t t e r n  in c lu d e d  bands a t  2 0 9 0  w (v T „ )  and 1 9 J 0  v s  (\j„_) cm- 1 .LU
R e c r y s t a l l i z a t i o n  from  b e n z e n e -e th a n o l r e s u l t e d  in  a  d u l l
y e llo w  compound o f  mp 1 6 2 °  ( a i r - d r i e d )  w ith  bands a t  2 1 2 5  w (v_ „ )
i-1* - n
and 1920 vs  (v  ) cm"1 . A f te r  d ry in g  a t  80° in  v a c u o , th e  compound 
CO
r e v e r te d  to  b r ig h t  y e llo w  h a v in g  th e  same i r  p a t t e r n ,  b u t  mp o f  1 8 5 ° .  
A benzene s o lu t io n  sp ec tru m  e x h ib i te d  bands a t  2070, and 1950 cm- 1 .
M a la te s ta 60  r e p o r te d  th e  fo llo w in g  d a ta  f o r  two d i f f e r e n t  
form s o f  t h i s  compound. The f i r s t  two s p e c t r a  w ere ta k e n  as  m u lls , 
th e  t h i r d  in  benzene  s o lu t io n .
vI r -H  VC0 ________mp °C_____  R e c r y s ta l l i z e d  fro m :
2 1 2 0  1 9 2 0  II4-5 ch lo ro fo rm -h ex an e
2 0 9 0  1 9 5 5  1 6 1  b e n z e n e -e th a n o l
2 0 7 0  1 9 3 0  (b en zen e  s o lu t io n )
A lthough  th e r e  i s  d isag ree m e n t w ith  th e  l i t e r a t u r e  v a lu e s  f o r  th e  
s p e c t r a  and mp o f  th e  s o l i d s ,  th e  s o lu t io n  s p e c t r a  w ere in  ag reem en t.
T r ih y d r id o c a r b o n y lb i s ( t r ip h e n y lp h o s p h in e ) i r id iu m ( l l l ) , IrH 3 (C 0)(Ph3P )2 .
I t  i s  known t h a t  I rC l(C 0 ) (P h 3P ) 2  d i s p r o p o r t io n a te s  c o n s id e r ­
a b ly  d u r in g  r e d u c t io n  w ith  h y d ra z in e 5 1  to  y ie ld  th e  y e llo w  compound, 
IrH (C O )(Ph3) 3 . The fo llo w in g  m o d ified  l i t e r a t u r e  m ethod60  e l im in a te s  
t h i s  p o s s i b i l i t y  to  a  g r e a t  e x te n t  and r e s u l t s  in  th e  fo rm a tio n  o f  a 
w h ite  compound.
Sodium b o ro h y d rid e  ( 1 .5  g) was suspended in  r e a g e n t  g rad e  
te t r a h y d r o f u r a n  (55 m l) a t  room te m p e ra tu re ,a n d  tra n s - I rC l(C O )(P h 3 ) a
i it. * ■ *1
(1 .5  g , 1 . 9 2  mmoles) was added i n  sm a ll p o r t io n s  a t  a  r a t e  such  t h a t  
th e  s o lu t io n  became c o lo r l e s s  b e fo re  f u r t h e r  a d d i t io n .  S t i r r i n g  was 
c o n tin u e d  f o r  an  ho u r a f t e r  th e  f i n a l  a d d i t io n .  A f te r  f i l t e r i n g  under 
N2 , and w ash ing  th e  r e s id u e  w ith  two p o r t io n s  (20 m l) o f  THF, th e  
combined f i l t r a t e s  w ere e v a p o ra te d  to  d ry n e ss  under red u ced  p re s s u re  
and th e  f l a s k  th e n  f i l l e d  w ith  N2 - The r e s id u e  was d is s o lv e d  in  8 ml 
d ry  b en zen e , and w ith  th e  a d d i t io n  o f  7 0 - 8 0  TOi  o f  hexane fo llo w ed  by 
c o o lin g , 1 .3 9  g o f  th e  w h ite  compound was c o l l e c t e d .
I n  com paring th e  i r  p a t t e r n  to  t h a t  g iv e n  in  th e  l i t e r a t u r e ,  
th e  above compound a p p e a rs  to  be  a  m ix tu re  o f  iso m e rs . However, s in c e  
th e  low m e ltin g  p o in t  form  was r e p o r te d  to  be u n s ta b le  i n  b en zen e , th e  
compound was u sed  w ith o u t f u r t h e r  r e c r y s t a l l i z a t i o n .
_______vI r -H ______  VC0 __________ Sl r - H ___________mp °C
Found: 2015 ,2073 ,1775-80  1 9 5 ^ 860-53-l|-6 -21-809(N ujo l) lW
L i t e r a t u r e  :GO2 0 l8 ,2080 i 9 6 0  850-8^0-820-800  I 3 2
2 0 8 0 ,1 7 8 5 * I 9 6 5  8^ 5 - 8 0 2  145
2 0 8 0 , 1 7 8 0 * 1 9 5 5  (benzene  s o lu t io n )
* The b ro ad  band a t  I 7 8 O-8 5  was a t t r i b u t e d  to  a p o ly h y d ric  s p e c ie s  w ith  
two hydrogens i n  th e  t r a n s  p o s i t io n .
H y d r id o d ic a rb o n y lb is ( t r ip h e n y lp h o s p h in e ) i r id iu m ( l) ,  IrH (C 0 ) 2 ( l ,h3p ) 2 -
A ttem pts  w ere made to  s y n th e s iz e  th e  y e t  unknown, b u t e r r o ­
n eo u sly  r e p o r te d ,  IrH (C 0 )(P h 3P ) 2  a c c o rd in g  to  l i t e r a t u r e  m ethods . 00
Of th e  f i v e  d i f f e r e n t  m ethods c i t e d ,  one in v o lv in g  th e  c a r b o n y la t io n  
o f  i r id iu m ( iv )  io d id e  fo llo w ed  by r e f l u x  w ith  Ph3P in  e th a n o l ic  KOH, 
co u ld  n o t b e  d u p l ic a te d ,  a f a i l u r e  sh a red  and r e p o r te d  by  H a rro d , 
e t .  a l . 91  A nother m ethod , in v o lv in g  b u b b lin g  N2  th ro u g h  a  c o ld  benzene 
s o lu t io n  o f  IrH 3 (CO)(Ph3p ) 2  f o r  ^  h r ,  was t r i e d ,  b u t  8  h r  t re a tm e n t 
w ith  N2  o n ly  se rv ed  to  tra n s fo rm  th e  m ix tu re  o f  iso m ers  in  th e  s t a r t i n g  
m a te r ia l  to  th e  pu re  h ig h  m e lt in g  p o in t  form .
I t  was fo u n d , how ever, t h a t  CO bubb led  th ro u g h  a  benzene 
s o lu t io n  o f  lrH 3 (CO)(Ph3P ) 2  s e rv e d  to  remove H2 , a  r e a c t i o n  an a lo g o u s 
to  a n o th e r  r e p o r te d  method o f  c o n v e r t in g  IrH 3 (Ph3P ) 2  to  IrH (CO )(Ph3p ) 2  
by means o f  CO. S in ce  th e  fo rm er t r i h y d r id e  c o u ld  be p re p a re d  in  
b e t t e r  y i e l d ,  i t  was used  f o r  in  s i t u  p r e p a ra t io n s  o f  th e  d e s ir e d  
p ro d u c t, b u t in  i t s  r e a c t io n s  th e r e  w ere i n d ic a t io n s  t h a t  i t  was n o t 
a m onocarbonyl s p e c ie s .
B e fo re  re su m p tio n  o f  f u r th e r  i n v e s t i g a t i o n  on t h i s  compound, 
Yagupsky and W ilk in so n 55  r e p o r te d  e s s e n t i a l l y  th e  sam e, b u t  a  more 
d i r e c t  way o f  p re p a r in g  th e  compound, i . e . ,  c a r b o n y la t io n  o f  
IrH 3 (CO)(Ph3 P ) 2  p re p a re d  _in s i t u  from  IrC l(C O )(P h 3 P ) 2  and NaBH^. The 
s tu d y  by them showed th e  compound was a c tu a l ly  IrH(CO )2 (Ph3P )2 , and 
t h e i r  method was u sed  f o r  su b se q u e n t p r e p a r a t io n s .
D e u te r id o c a rb o n y l t r i s ( t r ip h e n y lp h o s p h i n e ) i r id iu m ( l ) , IrD (C O )(Ph3P )3 .
r
T h is  was u s u a l ly  p re p a re d  i n  sm a ll amounts (<  0 .5  g) as  
needed by a  method s im i la r  to  t h a t  g iv e n  above f o r  IrH (C 0 )(P h 3P ) 3
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b u t w ith  some m o d if ic a t io n s .  A 1 :2  w e ig h t r a t i o  o f  N aBI>4:IrC l(C0)(Ph3P )2
was u se d , b u t  f i n a l  s t i r r i n g  was c o n tin u e d  f o r  5 “^ h r .  No a p p re c ia b le
H-D exchange was in c u r re d  by u s in g  e th a n o l a s  s o lv e n t .  The r e a c t io n
m ix tu re  was e v a p o ra te d  to  d ry n e ss  under red u ced  p r e s s u r e ,  e x t r a c te d
w ith  b e n ze n e , f i l t e r e d  and c o n c e n tra te d  to  a sm a ll vo lum e. The a d d i t io n
o f e th a n o l  p r e c ip i t a t e d  th e  p ro d u c t w hich was used w ith o u t f u r th e r
r e c r y s t a l l i z a t i o n .  The v--. was found (N u jo l)  a t  1936 cm 1 ; th eCO
l i t e r a t u r e  v a lu e 60 i s  1 9 ^ 3  cm"1 .
D e u te r id o d ic a r b o n y lb is ( t r ip h e n y lp h o s p h in e ) i r id iu m ( l ) , IrD(CO )s (ph3p ) 2 
was p re p a re d  by th e  a c t i o n  o f  CO on IrD (C O )(Ph3P )3 , by an a d a p ta t io n  
o f  Method A o f  Yagupsky and W ilk in so n 55 f o r  th e  p r e p a r a t io n  o f 
IrH(CO )2 (Ph3P )2 from  IrH (CO )(Ph3P )3 . The l i t e r a t u r e  v a lu e s  f o r  vuu
a r e :  I 9 2 5 , 1 9 ^5 , ^97 5 , and 2008 ( i n  CaH6 ) . Found: 1 9 2 5 , 1 9 3 ^ 5 ,
1975 , and 2012 ( i n  CH2C12 ) .
C h lo r o c a r b o n y lb i s ( t r ip h e n y la r s in e ) i r id iu m ( l ) , I rC l(C 0 )(P h 3A s)2 , was 
p re p a red  a cc o rd in g  t o  a  l i t e r a t u r e  m ethod .55
T r ih y d r id o c a r b o n y lb i s ( t r i p h e n y la r s in e ) i r i d iu m ( l l l ) , IrH 3 (C 0)(P h3A s)2 .
The l i t e r a t u r e  m ethod62 f o r  th e  p ro d u c tio n  o f  t h i s  compound 
from  IrB r(C 0 )(P h 3A s)2 and NaBH  ̂ y ie ld e d  a  d a rk  brown compound when t h i s  
method was a p p lie d  to  I rC l(C 0 )(P h 3A s)a . The m ethod was m o d if ied  as 
fo l lo w s .
Sodium b o ro h y d rid e  ( 0 .1  g , 2 .7  mmoles) was added to  a 
su sp e n s io n  o f  IrC l(C 0 )(P h 3A s)2 ( 0 .^ 2  g , 0 .5  mmole ) in  20 ml o f  warm
(6 0 ° )  e th a n o l .  A f te r  a  few m in u tes  o f  s t i r r i n g ,  benzene was added to
j u s t  d is s o lv e  th e  y e llo w  complex and t h i s  r e s u l t e d  in  an  im m ediate
d is c h a rg e  o f  c o lo r .  The s o lu t io n  was e v a p o ra te d  to  c a .  1 /3  volume
whereupon p r e c i p i t a t i o n  o f  th e  compound fo llo w e d . I t  was c o l le c te d
and washed w ith  s e v e r a l  p o r t io n s  each  o f  e th a n o l ,  w a te r ,  e th a n o l and
a i r  d r ie d  to  g iv e  an  8 6 $ y ie ld  o f  th e  w h ite  p ro d u c t .  The N u jo l m u ll
sp ec tru m  in c lu d e d  bands a t  2 1 3 5  2 0 9 0  m, 20^ 0  s (v  ) and 19^5 vsIX-H.
(v CQj cm- 1 , i n  ag reem ent w ith  th e  l i t e r a t u r e  v a lu e s . 6 2  The benzene 
s o lu t io n  sp ec tru m  in c lu d e d  bands a t  2 0 7 3  v s ,  2 0 9 0  s ,  s h ,  21 0 5  s ,  sh
EXPERIMENTAL: PREPARATION AND CHARACTERIZATION OF COMPLEXES
Complexes D eriv ed  from  O le f in s
H y d rid o ca rb o n y lf f u m a r o n i t r i l e ) b i s (  t r ip h e n y lp h o s p h in e ) i r id iu m ,
IrH ( CO) ( NCCH=CHCN) ( Ph3 P) 2 .
F u m a ro n i tr i le  ( 0 .5 9  S> 5*0 mmoles) and IrH( C0)( Ph3 p) 3  
( 0 .5  g» 0 .5  mmole) were s t i r r e d  to g e th e r  in  10  ml o f  benzene a t  4 0 -5 0 ° . 
The b r ig h t  y e llo w  s o lu t io n  tu rn e d  c o lo r l e s s  and w ith in  a few m in u tes  
some w h ite  s o l id  began to  form . A f te r  a n o th e r  h a l f - h o u r  o f  s t i r r i n g ,
5 0  ml o f  e th a n o l  was added and th e  s o l id  was c o l l e c te d  and washed w ith  
e th a n o l .  Y ie ld , 0 .4  g (97$)*  I t  was r e c r y s t a l l i z e d  from  CH2 C1£ -CH3 0 H 
to  g iv e  c o lo r l e s s  n e e d le s , mp 252° ( d e c ) .  A n a l. C alcd f o r  
C4 iH 3 3 IrN 2 0P2 : C, 59*77; H, 4 .0 4 ;  N, 3*40; P, 7*52; mol w t, 824 .
Found: c> 59*39; H, 4 .2 3 ; N, 3*31; Pi 7*53; m° l  w t> 849*
The same compound was o b ta in e d  by t r e a t i n g  a benzene s o lu t io n  
o f  IrH( C0 ) 2 (PH3 P) 2  w ith  a f i v e - f o l d  ex cess  o f  f u m a r o n i t r i l e .  Carbon 
monoxide gas was evo lved  a t  room te m p e ra tu re  and warming th e  s o lu t io n  
was n o t r e q u ir e d .
The com plex, IrH 3( CO) ( Ph3 P) 3 , r e a c te d  more s lo w ly  w ith  
f u m a r o n i t r i l e  w ith  th e  e v o lu t io n  o f t in y  b u b b le s  o f  hydrogen  b e g in n in g  
a t  4 0 -5 0 ° . At t h i s  te m p e ra tu re  th e  w h ite  compound ap p eared  a f t e r  a 
h a l f - h o u r ,  b u t  a p p a re n tly  th e  r e a c t io n  was n o t  com plete  w ith in  an 
h o u r, as ev id en ced  by th e  low y ie ld  ( 5 3 $)*
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D e u te r id o c a r b o n y l( f u m a r o n i t r i le ) b is ( t r ip h e n y lp h o s p h in e ) i r id iu m  was 
p re p a re d  from  IrD ( CO) ( Ph3 p) 3  as  p re v io u s ly  m en tio n ed .
H y d rid o ca rb o n y lf f u m a r o n i t r i l e ) b i s (  t r i p h e n y la r s in e ) i r i d iu m ,
IrH( CO) ( NCCH=CHCN)( Ph3 As)2 .
F u m a ro n i tr i le  (0 .2 4  g , 3 .0  mmoles) and I r H ^  CO) ( Ph3 As) 2
( 0 .5  g , 0 .6  mmole) w ere h e a te d  to  8 O-9O0  in  30 ml o f  benzene fo r
n e a r ly  2 h r .  The m ix tu re  was c a r e f u l l y  m o n ito red  and a t  th e
ap p ea ran ce  o f  a band in  th e  i r  a t  2037 cm th e  r e a c t io n  was s to p p ed .
The s o lu t io n  was e v a p o ra te d  to  d ry n e ss  u n d e r reduced  p re s s u re  and th e
re s id u e  was washed w ith  e th a n o l .  The re s id u e  was r e c r y s t a l l i z e d  from
CH2 C l2 “Me0H to  g iv e  0 .4  g (73/0 an o f f - w h i te  p ro d u c t, mp 1 9 0 - 1 9 5 °
( d e c ) .  A n a l. C alcd f o r  C4 iH 3 SAs£ XrN2 0 : C, 5 4 .0 8 ; H, 3 . 6 5 ; N, 3 .0 7 .
Found: C, 5 3 ,4 8 ; H, 3 -5 4 ; N, 3 -0 0 .
The te m p e ra tu re  and tim e o f r e a c t io n  w ere c r u c i a l  f o r  th e
p r e p a r a t io n  o f  t h i s  com plex. There was a lm o s t q u a n t i t a t i v e  re c o v e ry
o f  th e  unchanged t r i h y d r id e  complex a f t e r  th e  s t a r t i n g  m a te r ia l s  were
warmed to g e th e r  in  benzene a t  50~60° f o r  an h o u r . When th e  r e a c ta n t s
w ere h e a te d  f o r  2  h r  a t  1 1 0 - 1 2 0°  in  to lu e n e ,  a p ro d u c t, n o t  as y e t
c h a r a c te r iz e d ,  was o b ta in e d  whose i r  sp ec tru m  e x h ib i te d  a s tro n g  band
a t  2 0 3 7  and a medium band a t  2 2 1 6  cm b u t no band a s c r ib a b le  to
v . The nmr sp ec tru m  showed no h ig h  f i e l d  s ig n a l ,  b u t two u n s p l i t  i r - H
d o u b le ts  c e n te re d  a t  3 . 6  and 3 . 8  ppm ( j  = 8  Hz) w ere o b serv ed  in  
a d d i t io n  to  th e  pheny l p ro to n  s ig n a l s  and th e s e  d o u b le ts  w ere a ss ig n e d
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to  a TT-bonded f u m a r o n i t r i le  g ro u p . As i t  tu rn e d  o u t ,  th e  s o lu t io n  
spec trum , b u t  n o t th e  m u ll sp ec tru m  o f  th e  h y d r id o - f u m a r o n i t r i le  
complex and o f  th e  s t a r t i n g  m a te r i a l ,  lrH 3 (C 0 )( Ph3A s)2 , have v and
l i v - i i
vPA v a lu e s  v e ry  n e a r ly  th e  same and i t  was d i f f i c u l t  to  judge from th ewU
i r  spec trum  o f  a m o n ito red  sam ple w hether th e  s t a r t i n g  m a te r ia l  had 
c o m p le te ly  r e a c te d .  The above p ro ced u re  was developed  whereby th e  
r e a c t io n  was s to p p ed  a t  th e  ap p earan ce  o f  th e  band a t  2037 c m  1 *
H ydridocarbony lf c in n a m o n j t r i le ) b is f  t r ip h e n y lp h o s p h in e ) ir id iu m ,
IrH( CO) ( C6H5 CH=CHCN) ( Ph3 P) 2 .
C in n a m o n itr i le  (2 .5  m l, 19 m m oles), IrH ( CO) ( Ph3 P) 3 
( 0 .2 5  g , 0 .2 5  mmole) and benzene ( 2 .5  ml) w ere warmed to g e th e r  a t  
50° f o r  1 h r .  The volume o f th e  s o lu t io n  was th en  reduced  u n t i l  an 
o i l y  r e s id u e  r e s u l t e d ,  and t h i s  was tak en  up in  benzene-hexane  to  g iv e  
0 .1 8  g (75$ ) o f  a b e ig e  s o l id .  R e c r y s t a l l i z a t i o n  from  b enzene-hexane  
produced an o f f -w h ite  com plex, mp 1^5°* A n a l. C alcd f o r  C4 sH3BlrN0 P2 : 
C, 6 3 . 1 3 ; H, 38; N, 1 .6 0 ; P, 7 .0 8 .  Found: C, 6 3 .8 1 ; H, k - . T f i  N,
1 .65 ; P, 6 .8 2 .
The compound was a ls o  o b ta in e d  from  IrH( C0)2( Ph3 P )2 , and 
d e u te r id o c a rb o n y l(  c in n a m o n i t r i le ) b is f  t r ip h e n y lp h o s p h in e ) i r id iu m  was 
o b ta in e d  from  IrD( CO)( Ph3 P )3 .
R e a c tio n  o f IrHf C0)( CfJfcCHKaiCNH Ph3P)2 w ith  f u m a r o n i t r i l e .
When an  e th a n o l ic  su sp e n s io n  o f  t h i s  complex was h e a te d  f o r  
a few m in u tes  a t  5 0 °  in  th e  p re sen c e  o f  f u m a r o n i t r i le ,  a more g ra n u la r  
su sp e n s io n  r e s u l t e d .  The re c o v e re d  p ro d u c t was shown by i t s  mp and 
in f r a r e d  spec trum  to  be IrH(CO)(NCCH-CHCN)( Ph3 P)2 .
H y d rid o carb o n y lf b e n z y l id e n e m a lo n o n i tr l le )b is (  tr ip h e n y lp h o sp h in e )  i r i d iu m , 
IrH ( CO)[c6HsCH=C( CN)2 ]( Ph3 p )2 .
When CeH5 CH=C(CN)s (0 .7 7  g> 5 mmoles) was added to  
IrH ( C0)( Ph3 P) 3  ( 0 .5  g> 5*0 mmoles) in  10 ml o f  benzene, a v e ry  d a rk  
y e llo w  s o lu t io n  r e s u l t e d  a f t e r  h e a tin g  a t  6 0 -7 0 ° f o r  1 h r .  The a d d i t io n  
o f  35 ml o f  MeOH to  th e  co o led  s o lu t io n  r e s u l t e d  i n  th e  p r e c i p i t a t i o n  
o f  a p a le  y e llo w  s o l id  which was f i l t e r e d  and washed w ith  MeOH. Y ie ld , 
0 . 3 6  g ( 8 0 # ) .
R e c r y s t a l l i z a t i o n  from CH2 Cl2 -MeOH produced a w h ite  m ic ro ­
c r y s t a l l i n e  p ro d u c t admixed w ith  a sm all amount o f p a le  ye llo w  c r y s t a l s .  
A n a l. C alcd f o r  C^yHsylrNsOP^: C, 6 2 .7 0 ; H, ^ .1 5 ;  N, 3 -H »  mol w t,
900. Found: C, 6 2 .1 3 ; H, 3 -9 8 ; N, 2 . 9k; m ol w t, 9 3 3 .
The N u jo l in f r a r e d  s p e c t r a  o f th e  u n c r y s t a l l i z e d  m a te r ia l
showed s p l i t  bands f o r  v , v , and v in  th e  r e g io n  1 9 0 0 -2 2 5 0  cm 1 ,
CO I t" H  CN
w hereas fo r  th e  r e c r y s t a l l i z e d  m a te r ia l ,  one s e t  o f  bands was red u ced  
to  s h o u ld e r s .  I n  f u r th e r  p re p a ra t io n s  o f  t h i s  compound u n d e r d i f f e r e n t
c o n d i t io n s ,  i t  became a p p a re n t t h a t  d i f f e r e n t  form s o r  isom ers were 
b e in g  p roduced , th e  more s o lu b le  p a le  y e llo w  c r y s t a l s  h av in g  a h ig h e r  
m e ltin g  p o in t  ( 1 6 5 - 1 8 5 °) and a d i f f e r e n t  s o l id  s t a t e  in f r a r e d  sp ec tru m , 
b u t an i d e n t i c a l  CH2 CI2  s o lu t io n  s p e c t r a ,  and th e  same a n a ly s is  a s  f o r
th e  l e s s  s o lu b le  w h ite  low m e ltin g  p o in t  form ( 1 3 5 " 1^ 5 ° ) •
I f  a f r a c t i o n  c o n ta in in g  m o s tly  th e  h ig h  m e ltin g  p o in t  form  
was r e c r y s t a l l i z e d ,  b o th  forms c o u ld  be o b ta in e d , and no one pu re  form 
was i s o l a t e d .  I n  one p re p a ra t io n  c a r r i e d  o u t a t  room te m p e ra tu re , a 
r e l a t i v e l y  p u re  w h ite  form (mp 138-140°) p r e c i p i t a t e d  from a benzene 
s o lu t io n .  I t  r e v e r te d  in  th e  s o l id  s t a t e  in  a w eeks' tim e to  what 
appeared  to  be a m ix tu re  o f  form s by i t s  in f r a r e d  and nmr sp ec tru m .
The com plex, IrH( C0)2( Ph3P )2 , d id  n o t  g iv e  th e  same 
compound w ith  C6H5 CH=C( CN)2- T h is  r e a c t io n  w i l l  be d e s c r ib e d  l a t e r .  
The complex IrD f CO) [CfdfcCH^Cf CN)p~1( Ph3 P)g was p re p a re d  from
IrD ( CO) ( Ph3p )3 a s  above. The in f r a r e d  spec trum  showed th e  p re sen c e  o f 
more th a n  one form .
R eac tio n  o f  IrH ( CO) [ crHp;CH=C( CN)p 1( Ph^P)p w ith  F u m a r o n i t r i le .
Fumaronitrile was added to a CH2CI2 solution of this complex 
at room temperature and readily replaced C6H5CH=C( 01)2. After 
evaporating the CHaCl2 to a small volume and adding MeOH, a white 
product formed which was shown to be IrH( CO) (NCCH=CHCN)( Ph3P)2 hy it s  
mp and infrared spectrum.
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C h lo r o c a r b o n y l ( £ u m a r o n i t r i le ) b is ( t r lp h e n y la r s in e ) i r id iu m ,
IrCl(CO)(NCCH=CHCN) (P hsA s)a .
F u m a ro n i t r i le  (0 ,3 9  S> 5*0 mmoles) and IrC l(C O )(P h sA s)^
(0 .2 1  g , 0 .2 5  mmole) w ere s t i r r e d  to g e th e r  i n  5 ml o f  CHa C l2 . When 
th e  y e llo w  s o lu t io n  became c o l o r l e s s ,  i t  was e v a p o ra te d  to  d ry n ess  
and th e  r e s id u e  washed w ith  EtOH. Y ie ld ,  0 .2 2  g (8 1 $ ) .  I t  was 
r e c r y s t a l l i z e d  from  CH2 C l2 -EtOH to  y ie ld  a w h ite  p ro d u c t ,  mp, 255~260° 
( d e c ) .  A n a l. C alcd  f o r  C4 iH aiA s2 IrN 2 0 : C, 5 2 .0 1 ;  H, 3»^1 ; N, 2 . 9 6 .
Found: C, 5 2 .0 0 ; H, 3 -5 1 ; N, 2 .8 1 .
The N u jo l m u ll sp ec tru m  o f  t h i s  com plex in c lu d e d  bands a t  
2 0 1 1  vs ( Vqq) and 2 2 1 0  m, 22 2 5  sh  ( v ^ )  cm 1 .
R e a c tio n  o f  I r C l(  C0)( Ph^Asjp w ith  A c r y l o n i t r j l e .
One ml o f  a c r y l o n i t r i l e  c o n ta in in g  IrC l(C O )(P h 3A s)a  (0 .1  g ,
0 .1 2  mmole) was s t i r r e d  f o r  a  few m in u tes  a t  room te m p e ra tu re . The
b r ig h t  y e llo w  s o lu t io n  became a lm o s t c o lo r l e s s  and a  b e ig e  s o l id  began
to  fo rm . A f te r  10 m in , 5 ml o f  hexane was ad d ed . The s o l i d  was
c o l le c te d  and washed w ith  hexane to  y ie ld  0 . 1  g ( 9 0 $ ) ° f  an o f f - w h i te
p ro d u c t, mp, 200° ( d e c ) .  A n a l. C alcd  f o r  C4 oH3 3 As2 C lIrN 0 : C,
5 2 .1 6 ; H, 3 -6 1 ; N, 1 .5 2 .  Found: C, 5 0 .9 0 ; H, 3.1J-2; N, 1 .1 8 .
Bands w ere  o b serv ed  in  th e  N u jo l m u ll sp ec tru m  a t  2208 m
(v n„ ) and 2020 v s  (v«rt) cm- 1 . A benzene s o lu t io n  o f  t h i s  com plex i s  ON OO
b r ig h t  y e llo w  in d ic a t in g  d i s s o c i a t i o n .  In  a d d i t io n  to  bands a t  2212 m
( v _ .)  and 2 0 1 1  s (v.™)* a  v e ry  s t ro n g  band a t  i 9 6 0  cm- 1  (due to  CN 0 0
IrC l(C 0 ) (P h 3A s)2) was ob serv ed  i n  th e  s o lu t io n  sp ec tru m .
R eaction  o f  IrClfCO)( Fh^As)^ w ith  B en zy lid en em a lo n o n itr ile .
T hree m i l l i l i t e r s  o f  benzene c o n ta in in g  th e  i r id iu m  complex 
( 0 . 1  g, 0 . 1 2  mmole) and CeHsCH=C(CN) 2  (0 .1 5  g , 1 . 0  mmole) was warmed to  
50° f o r  1 h r .  The c o lo r l e s s  s o lu t io n  was e v a p o ra te d  to  d ry n e ss  u n d er 
and th e  ex cess  o l e f i n  was removed by w ashing w ith  e th a n o l  le a v in g  
0 .1  g (80$) o f  a l i g h t  y e llo w  re s id u e ,  mp, 2 5 5 ° . A n a l. C alcd  f o r  
C47 H3 6 As2 C lIrN 2 0 : C, 55 -22 ; H, 3 -5 5 ; N, 2 . j k .  Found: C, 5 8 .7 3 ;
H, 3 -8 2 ; H, 2 .3 6 .
The com plex d i s s o c ia te s  c o n s id e ra b ly  i n  benzene s o lu t io n  as  
ev id en ced  by th e  v e ry  s tro n g  band a t  i 9 6 0  cm 1  and o n ly  weak bands a t  
2 2 1 2  ( VcN) and 2 0 0 5  ( v ^ )  cm"1 .
R ea c tio n  o f  IrC lfC 0 )(  Ph^As)p w ith  C in n a m o n itr i le .
The i r id iu m  complex was re c o v e re d  unchanged when hexane was 
added to  a benzene s o lu t io n  o f  th e s e  r e a c t a n t s  which had been  warmed 
to  5 0 - 6 0 °  f o r  2 h r .  However, th e  in f r a r e d  sp ec tru m  o f  a w ithdraw n 
sam ple o f  th e  r e a c t io n  m ix tu re  in d ic a te d  some d eg ree  o f  co m p lex a tio n  
had  ta k e n  p la c e .  I n  a d d i t io n  to  th e  s tro n g  band a t  i 9 6 0  cm 1  due to  th e  
s t a r t i n g  m a te r ia l ,  an e q u a lly  s tro n g  band a t  2 0 0 8  cm 1  was o b serv ed  
and t h i s  was a t t r i b u t e d  to  V(-i« *-n t ^ e com plex.
&
F orm ation  o f ClrHpf C0)( Ph.gP) and UlrHpf CO)g( Ph^P)g+ U sing M ale ic  
and Cinnamic A c id s .
The a d d i t io n  o f  m a le ic  and c innam ic  a c id s  to  d ich lo ro m e th an e  
s o lu t io n s  o f  IrH (C 0 )(P h 3 P) 3  o r  XrH( C0 ) 2 ( Ph3 P) 2  r e s u l t e d  i n  th e  fo rm a tio n  
o f  known c a t i o n i c  h y d rid o -co m p lex e s . These w ere n o t  i s o l a t e d  b u t were 
d e te c te d  in  s o lu t io n  by in f r a r e d  and nm r. The in f r a r e d  s p e c t r a l  bands 
o b serv ed  f o r  th e  c a t i o n ic  s p e c ie s  a re  compared to  th e  l i t e r a t u r e  v a lu e s  
be low :
V.I r -H CO
[lrH s (  C0)( Ph3 p )3 ] 
O bserved: 
L i t e r a t u r e : 60  
[ lrH 2 (C0 ) £(P h 3 P)2 ] '  
O bserved: 
L i t e r a t u r e : 63
2 l 6 0 s h , 2 1 1 lfs
2155,2118
sh21T0m,2155s 










When t r i c h l o r o a c e t i c  a c id  was added to  CH2 CI2  s o lu t io n s  o f 
th e s e  i r id iu m  s u b s t r a t e s ,  th e  i d e n t i c a l  c o rre sp o n d in g  in f r a r e d  p a t te r n s  
were ob serv ed  and th e s e  d a ta  a re  a d d i t io n a l  e v id en c e  t h a t  th e  m ain 
s p e c ie s  form ed in  th e  m a le ic  and c innam ic  a c id  r e a c t io n s  a r e  th e  c a t io n s  
r a t h e r  th a n  th e  Tt-bonded o l e f i n  com plexes.
A d d it io n a l  in f r a r e d  bands w ere d e te c te d  in  th e  s o lu t io n s  
c o n ta in in g  c innam ic  a c id .  A summary o f  th e  above r e a c t io n s  and r e s u l t s  
i s  g iv en  in  th e  R e su lts  and D isc u s s io n  s e c t io n .
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H yd rid o carb o n y lf fu m aric  a c id ) b is f  t r ip h e n y lp h o s p h in e ) i r id iu m ,
IrH(CO)( HOOCCH=CHCOOH)( Ph3 p )a .
A warm (7 0 ° )  s o lu t io n  o f  IrH f CO)( Ph3 P) 3 (0 .2 5  g , O.2 5  
mmole) in  2  m l o f  benzene was added d ro p -w ise  w ith  s t i r r i n g  to  1 .5  ml 
o f  an  e th a n o l  s o lu t io n  o f  fu m aric  a c id  (O.O5 8  g , 0 .5  m m ole). A c l e a r  
c o lo r l e s s  s o lu t io n  was o b ta in e d  i n i t i a l l y ,  b u t  i t  changed to  p a le  
y e llo w  and a w h ite  p r e c i p i t a t e  form ed as  th e  a d d i t io n  was com ple ted .
The m ix tu re  was co o led  to  room te m p e ra tu re , f i l t e r e d  and th e  r e s id u e  
washed w ith  e th a n o l .  Y ie ld , 0 .1 1  g , (5 0 $ ) ,  mp 192-195° ( d e c ) .  A n a l. 
C alcd  f o r  C4 iH 3 5 I r 05 p2 : C, 57 -12 ; H, i i .1 0 . Found: C, 5 6 .7 0 ; H, ^ .1 1 .
An in f r a r e d  sp ec tru m  o f  th e  f i l t r a t e  showed bands co rre sp o n d in g  
to  th e  c a t io n  [ lrH a ( C0)( Ph3 P )3 ] + .
The complex IrH ( CO)( H0 2 CC=CC0 aH )( Ph3 P)a i s  s p a r in g ly  s o lu b le  
in  benzen e , d ic h lo ro m e th a n e  and m ethano l and no nmr spec trum  c o u ld  be 
o b ta in e d .
The com plex, IrH ( C0)a ( Ph3 P)2 > was a llo w ed  to  r e a c t  in  a s im i la r  
f a s h io n  w ith  fu m aric  a c id  and y ie ld e d  th e  same p ro d u c t.
R ea c tio n  o f  lrH ( C0)(H0p CC=CC0p H)f PhqP)g> w ith  F u m a r o n i t r i le .
A sample of the complex was suspended in ethanol containing 
excess fumaronitrile and heated to 70°* A clear solution resulted 
which, upon cooling, deposited crystals of IrH( C0)(NCCH=CHCN)( Ph3P)2 .
( Cyano £dicyanom e th y  1 J k e te n im in a to ) carbonyX ( te t r a c y a n o e th y le n e )b i  s -
( t r ip h e n y lp h o s p h in e ) I r id iu m , I r ( C e^ H ) ( CO) [C( CN) 2=C( CN) 2 3(^ 3? ) 2 •
(The fo llo w in g  m ethod was d ev e lo p ed  a f t e r  many a t te m p ts  w ere made to  
e s t a b l i s h  th e  optimum c o n d it io n s  f o r  th e  p r e p a r a t io n  o f  t h i s  compound. 
B ecause o f  s e v e r a l  f a u l ty  n i t r o g e n  a n a ly s e s  from  a  com m ercial f i r m , i t  
was assum ed t h a t  t h i s  compound was a  1 : 1  ad d u ct and c o n se q u e n tly  in s u f ­
f i c i e n t  TCNE was used  i n  many o f  th e  t r i a l s .  T h i s ,  a lo n g  w ith  u s in g  
e th a n o l  as  an  a id  to  p r e c i p i t a t i o n ,  produced  im pure m a te r i a l  w hich  cou ld  
n o t be  a d e q u a te ly  p u r i f i e d  to  g iv e  c o n s i s t e n t  a n a ly s e s .  A p p a re n tly , 
e th a n o l  a l t e r e d  th e  c o u rse  o f  th e  r e a c t i o n  som ewhat, and one o f  th e  
s id e - p ro d u c ts  p roduced  was i s o l a t e d .  In  a  s tu d y  o f  th e  e f f e c t  o f  
a lc o h o l on th e  r e a c t i o n ,  i t  was found t h a t  i f  a lc o h o l  w ere added 
s h o r t l y  a f t e r  th e  a d d i t io n  o f  TCNE to  th e  benzene s o lu t io n  o f  th e  
i r id iu m  com plex, r a t h e r  h ig h  y ie ld s  o f  t h i s  s id e - p ro d u c t  cou ld  be 
o b ta in e d . One o f  th e s e  e x p e rim en ts  w i l l  be  d e s c r ib e d ,  b ecau se  an  
a tte m p t was made to  c h a r a c te r iz e  th e  p ro d u c t .)  The fo llo w in g  i s  th e  
m ethod f o r  p ro d u c in g  th e  k e ten im in a to -co m p lex .
a .  D rop-w ise  a d d i t io n  o f a  benzene  s o lu t io n  o f  IrH (CO )2 (Ph3p ) a 
to  a  f o u r - f o ld  e x c e ss  o f  TCNE i n  benzene a t  room te m p e ra tu re  p roduced  a 
deep o ran g e  s o lu t io n  as b u b b le s  o f CO gas w ere ev o lv ed  and s im u lta n e ­
o u s ly  an  o ra n g e -y e llo w  s o l id  s e p a r a te d .  A f te r  0 .5  h r  o f  s t i r r i n g ,  th e  
s o l id  was c o l l e c t e d ,  washed w ith  e th a n o l  and r e c r y s t a l l i z e d  from
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CHa C l2 -C6He to  g iv e  b ro n z e -c o lo re d  c r y s t a l s .  Y ie ld ,  7 0 $ ; mp 165-180° 
( d e c ) .  A n a l. C alcd  f o r  C4 9 H3 i I r N 8 0 P2 *-feC6He : c » 59*99i H, 5*29;
N, IO .7 6 ; P , 5*95» mol w t, 10 l;0 . Found: C, 5 8 . 6 8 ; H, 2 .97* N, 1 0 .6 8 ;
P , 5*86; mol w t, 90l|-.
b . The above m ethod w ith  IrH (C 0)(P h 3p ) 3  r e s u l t e d  i n  th e  
fo rm a tio n  o f a  d a rk  gum, b u t  a  1 0 $ y ie ld  o f  th e  d e s i r e d  p ro d u c t was 
o b ta in e d  by ad d in g  hexane t o  th e  rem a in in g  benzene s o l u t i o n .  A h ig h e r  
y i e l d  was o b ta in e d  i n  th o s e  r e a c t io n s  w h e re in  s o l i d  TCNE was added to  
th e  benzene s o lu t io n  o f th e  i r id iu m  com plex , b u t  e th a n o l  was used  i n  
th e s e  r e a c t io n s  and th e  p ro d u c t  was im p u re .
c .  S o lid  TCNE added to  a  benzene s o lu t io n  o f  IrD (C O )(Ph3 p ) 3  
produced  a  compound h av in g  th e  same in f r a r e d  p a t t e r n  i n  th e  1 9 0 0 -2 2 5 0  cm-1  
r e g io n  as  th e  k e te n im in a to -c o m p le x .
d .  W ith IrH 3 (C 0)(P h 3P ) a , a  sm a ll y ie ld  (<  10$) o f  th e  com plex
p r e c i p i t a t e d  from  th e  benzene  s o lu t io n  a f t e r  th e  r e a c t a n t s  w ere warmed
f o r  0 .5  h r  a t  ^ 5 - 5 0 ° .  When e th a n o l  was added to  th e  f i l t r a t e ,  w hich
th e n  s to o d  f o r  s e v e r a l  h o u rs ,  a  p a le  y e llo w  p r e c i p i t a t e  fo rm ed . T h is
m a te r i a l  was e x t r a c te d  w ith  CH^Cla ( i n  w hich i t  was a lm o s t in s o lu b le )
le a v in g  a  w h ite  r e s id u e  w hich  showed v_„ and v  b u t  no v„ _ _ bands in
CN CO
th e  1 9 0 0 -2 2 5 0  cm- 1  r e g io n .
* The X -ray s tu d y 64  shows t h a t  th e  c r y s t a l s  c o n ta in  one m o lecu le  o f  
benzene p e r two i r id iu m  a tom s.
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C yanocarbonylf te t r a c y a n o e th y le n e ) b is (  tr ip h e n y lp h o s p h in e )  I r id iu m .
I r (  CN)( CO) Cc( CN)e“ C( CN)a]( t t i3 P )e . (F o rm u la tio n  t e n t a t i v e l y  a s s ig n e d .)
(a )  The com plex XrH( CO)s( Ph3 P )a  ( 0 .3 9  8 » 0 .5  mmole) was 
d is s o lv e d  in  3 ml o f  b e n ze n e  and TCNE (0 .0 6 ^  g , 0 .5  mmole) was added .
The s o lu t io n  tu rn e d  d a rk  y e llo w  and a s m a ll  amount o f  s o l id  form ed. 
M ethanol (2 0  ml) was th e n  added, p ro d u c in g  a 20$ y i e ld  o f  th e  
k e ten im in a to -co m p lex . The f i l t r a t e  was warmed to  k 0 -6 0 °  and e v a p o ra te d  
to  ab o u t 1 /2  volume u n d e r  reduced  p r e s s u r e .  A d d itio n  o f  ca . 0 .1  g o f  
TCNE to  t h i s  r e s u l t e d  i n  an  im m ediate p r e c i p i t a t i o n  o f  0 .15  g o f  a 
l i g h t  y e llo w  s o l id .  T h is  was e x tr a c te d  w ith  CH2 CI2 , le a v in g  a w h ite  
r e s id u e  whose in f r a r e d  sp ec tru m  in  th e  1 9 0 0 -2 5 0 0  cm 1  re g io n  was th e  
same as  t h a t  in  d abo v e. A n a l. Found: C, 5 7 *^9» H, 3 -0 5 ; N, 7 - 6 l ;
P, 6 .79* mp ( >  300°) .
(b )  To a s o l u t i o n  o f I r (  C6 N4 H)( C0)( TCNE)( Ph3 P) 2  ( 0 .1  g)
in  CH2 CI2  was added 50 m l o f  m ethanol fo llo w e d  by r e f l u x  f o r  1 h r .  A 
w h ite  p ro d u c t which fo rm ed  a t  th e  h ig h  te m p e ra tu re  was c o l l e c te d .  Y ie ld  
( 0 .0 3  g ) ;  mp ( > 3 0 0 ° ) .  A n a l. Found: C, 5 7 -9 8 ; H, 3 -1 6 ; N, 7*63; rnol w t, 
950. C alcd f o r  C4 4H3 o IrN 5 0 P2 : C, 5 8 .8 0 ;  H, 3 -3 6 ; N, 7 -7 9 ; P> 6 .8 9 ;
mol w t, 8 9 9 -
(c )  When 0 .1  g o f  th e  k e ten im in a to -co m p lex  was warmed a t  
50° f o r  a few m inu tes w ith  ace to n e  and e x c e s s  KCN and s u f f i c i e n t  CH2 CI2  
to  b r in g  th e  complex i n t o  s o lu t io n ,  a d a rk  r e a c t io n  m ix tu re  r e s u l t e d  
from which a w h ite  compound s e p a ra te d  a f t e r  th e  s o lu t io n  had s to o d  
o v e rn ig h t .  Hie w h ite  p ro d u c t  was c o l l e c t e d  and washed w ith  w a te r  and
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m eth an o l. Y ie ld , 0 .0 8  g . The in f r a r e d  spec trum  in  th e  1900-2250 cm 1  
re g io n  was i d e n t i c a l  to  th o s e  sam ples as  p re p a re d  above.
The t r i p h e n y la r s in e  an a lo g u e  o f  t h i s  compound was o b ta in e d  
by r e a c t in g  IrH af C0)( Ph3 As) 2  (0 .2 5  g , 0 -3  mmole) and TCNE (0 .1 5 4  g , 1 .2  
mmoles) i n  20 ml o f  benzene a t  r e f l u x  te m p e ra tu re  f o r  1 h r .  The s o l id  
w hich form ed in  th e  h o t  s o lu t io n  was c o l l e c te d  and washed w ith  e th a n o l 
to  g iv e  0 .25  g (84$) o f  Ir(C N )(C 0 )(TCNE)(Ph3A s)2 , mp 285° ( d e c ) .  A n a l. 
C alcd  f o r  C4 4 H3 oAs2 IrN 5 0 : C, 53*55; H, 3*06; N, 7*09* Found: C,
5 1 .1 6 ; H, 2 .8 3 ; N, 6.59*
( C y a n o [b e n z y llk e te n im in a to )c a rb o n y lf  b e n z y l id e n e m a lo n i t r i l e ) b i s - 
( t r ip h e n y lp h o s p h in e ) ir id iu m . I r ( C i 0H7 N2 ) ( CO)[C6H5 CH=C(CN)2 ](P h 3 P2 . 
(F o rm u la tio n  t e n t a t i v e l y  a s s ig n e d .)
a .  The complex XrH( CO)2( PhaP) 2  ( 0 .3 9  8 > 0*5 mmole) and 
Ce% cH=C( CN) 2  (0 * 3 9  g> 2 . 5  mmoles) w ere d is s o lv e d  in  10  m l o f  benzene 
a t  room te m p e ra tu re  w ith  im m ediate d a rk e n in g  o f th e  s o lu t io n  and 
e v o lu t io n  o f  CO g a s . The s o lu t io n  was warmed to  45° f ° r  an  ho u r and 
th e n  e v a p o ra te d  to  h a l f  volume u n d e r reduced  p r e s s u r e .  The a d d i t io n  
o f  30 MeOH produced  a p a le r  y e llo w  s o lu t io n  fo llo w ed  in  15 min
by th e  fo rm a tio n  o f  a f lo c c u le n t  y e llo w  p r e c i p i t a t e .  I t  was f i l t e r e d ,  
washed w ith  MeOH and d r ie d  a t  80° in  v acu o . Y ie ld , 0 .45  g; mp 1 6 5° .  
A n a l. C alcd f o r  C5 7 H4 3 lrN 4 0 P2 : C, 64.9*4-; H, 4 .1 1 ;  N, 5*22. Found:
C, 6 5 .0 5 ; H, 4 .1 2 ;  N, 5*14.
>1-0
b . A s m a ll sam ple o f  IrD( C0 ) 2 ( Hi3 P) 2  was d is s o lv e d  in  CHaCla 
and a  f i v e - f o l d  e x c e ss  o f  CeHsCH=C(CN)e was added . The s o lu t io n  was 
t r a n s f e r r e d  to  an  i r  c e l l  and m o n ito red  f o r  2 . 5  h r  a f t e r  w hich tim e 
th e  r e a c t io n  was co m p le te . The i r  p a t t e r n  in  th e  1900-2250 cm 1 re g io n  
was i d e n t i c a l  to  t h a t  shown by th e  above p ro d u c t, in d ic a t in g  th e  absence  
o f  an  I r -H  band i n  th e  compound.
The CH2 CIS s o lu t io n  sp ec tru m  o f  th e  p ro d u c t in  £ ,  above, 
showed bands a t  2195 w, 1985  v s , and 2127 s cm 1 . The f i r s t  two 
bands w ere a s s ig n e d  to  and vCq , r e s p e c t iv e ly ,  and th e  l a t t e r  band
was a t t r i b u t e d  to  a k e ten im in e  g ro u p , b u t  th e  nmr sp ec tru m  o f  th e  com­
pound was n o t c o n s i s t e n t  w ith  th e  fo rm u la t io n  a ss ig n e d  on th e  b a s i s  o f  
i r .  The nmr sp ec tru m  a t  60 MHz and 100 MHz showed two d o u b le ts  due to  
two d i f f e r e n t  p ro to n s  w hich w ere a t t r i b u t e d  to  th e  b a n z y l p ro to n s  in  
th e  k e te n im in a to - l ig a n d , b u t a peak  s l i g h t l y  u p f ie ld  and n o t o f  th e  
c o r r e c t  i n t e n s i t y  was n o t w hat was e x p ec te d  f o r  a p ro to n  in  th e  TT- 
bonded m o ie ty  w here s p l i t t i n g  sh o u ld  be o b serv ed  from  c o u p lin g  o f  t h i s  
p ro to n  w ith  th e  P a tom s. The same p ro d u c t  o b ta in e d  in  a n o th e r  
p r e p a r a t io n  w here hexane was u sed  in s te a d  o f  MeOH as  th e  p r e c i p i t a t i n g  
a g en t e x h ib i te d  th e  same ty p e  o f  nmr p a t t e r n ,  so MeOH was ru le d  o u t as 
a p o s s ib le  im p u r i ty .
c .  The p ro d u c t from  ^  ( 0 .3  g) and 0 ,1 5  g o f  TCNE w ere s t i r r e d  
to g e th e r  i n  15 ml o f  benzene a t  room te m p e ra tu re  w ith  d a rk e n in g  o f  th e
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y e llo w  s o l u t i o n .  W ith in  f i v e  m in u te s , a  p r e c i p i t a t e  form ed w hich was 
c o l le c te d  and  washed w ith  benzene  to  y ie ld  0 . )  g o f  a  d a rk  g re e n  p ro d u c t .  
The N u jo l m u ll sp ec tru m  o f  t h i s  c ru d e  p ro d u c t showed bands a t  2068 v s ,  
23-53 s ,  2 2 0 0  s ,  and 2 2 2 8  m cm- 1 , w ith  th e  band a t  2X5 5  c®- 1  a t t r i b u t e d  
to  th e  k e te n im in a to - l ig a n d .  The p ro d u c t was r e c r y s t a l l i z e d  from  CHaC l2 - 
benzene to  y i e l d  y e llo w  c r y s t a l s  w ith  th e  same i r  sp ec tru m  a s  th e  
c ru d e  m a t e r i a l .  A n a l. C alcd f o r  C5 3 H37>IrNs 0 P2 : C, 61.93* N, 8 .1 7 ;
H, 5 . 6 5 . Found: C, 6 4 .2 0 ; N, 6 .9 4 ; H, 3*57* A second r e c r y s t a l l i z a ­
t i o n  gave an  a n a l y s i s ;  C, 63*48; N, 9*24; H, 3»59*
The nmr sp ec tru m  o f  t h i s  m a te r i a l  showed th e  two d o u b le ts  
s h i f t e d  s l i g h t l y  d o w n fie ld , b u t  a l s o  a  s in g le  peak  s l i g h t l y  d o w n fie ld  
from  them and o f  a b o u t th e  same i n t e n s i t y  as  t h a t  o b se rv ed  f o r  th e  
e x t r a  s ig n a l  i n  th e  o r i g i n a l  p ro d u c t .
( C y a n o e th y l)c a rb o n y l( a e r y l o n i t r i l e ) b i s ( t r ip h e n y lp h o s p h in e ) i r id iu m ,
I r ( C3H4 N )( CO)( HCCH=CH2 )(P h 3P ) 2 .
The com plex IrH (CO )(Ph3P ) 3  ( 0 .5  g , 0 .5  mmole) was added to  
1 0  ml o f  a c r y l o n i t r i l e  and th e  m ix tu re  was warmed to  5 0 - 6 0 °  w hereupon 
s o lu t io n  o c c u r re d  a s  th e  c o lo r  l ig h te n e d  to  p a le  y e llo w . A f te r  an  
h o u r o f  s t i r r i n g ,  th e  s o lu t io n  was e v a p o ra te d  to  a b o u t 1 / 2  volum e, and 
15 ml o f  h ex an e  was added c a u s in g  p r e c i p i t a t i o n .  The m ix tu re  was 
f i l t e r e d  and w ashed w ith  hexane to  y i e l d  0 , 2 8  g o f  a  w h ite  p ro d u c t .
A n a l. C alcd  f o r  C ^H galrN sO P s: C, 6 1 .0 0 ; H, 3 . 9 O; N, 3*30; P ,
7 .3 1 .  Pound: C, 6 0 .2 2 ; H, 4 .6 6 ;  N, 3 . 6 2 ; P , 7 -1 4 .
The m u ll sp ec tru m  in c lu d e d  bands a t  2205 cm”1  and I 9 6 5  v s  cm' 1  
w hich w ere a s s ig n e d  to  and r e s p e c t i v e l y ,  on th e  b a s i s  of th e
if2
p ro d u c t form ed from  IrD (CO )(Ph3 P ) 3  in  th e  same m anner and w hich showed 
th e  same i r  b a n d s .
The a c r y l o n i t r i l e  ad d u c t i s  u n s ta b le  i n  s o lu t io n ,  p ro d u c in g  a  
y e llo w  c o lo r a t io n ,  and a t te m p ts  a t  c r y s t a l l i z i n g  th e  c ru d e  m a te r ia l  
from  a b e n z e n e - a c r y lo n i t r i l e  m ix tu re  g e n e r a l ly  le d  to  p ro d u c ts  e x h ib i ­
t i n g  poor a n a ly s e s .  In  f u r t h e r  p r e p a r a t io n s  o f  t h i s  a d d u c t, w h ere in  
th e  p ro d u c t was a llo w ed  to  c r y s t a l l i z e  from  a c r y l o n i t r i l e ,  good 
a n a ly s e s  w ere o b ta in e d , b u t th e  i r  sp ec tru m  was d i f f e r e n t  f o r  th e  
c a rb o n y l group in  t h a t  i t  showed s p l i t  bands a t  1 9 9 5  and I 9 8 5  cm- 1 .
R e a c tio n  o f  I r (  CO)( HCCH=CHg)( Pha P)g w ith  F u m a r o n i t r i le .
To 0 .2  g o f  th e  com plex in  5 ml o f  CH2 C l2  was added a  s o lu t io n  
o f  f u m a r o n i t r i le  i n  5 ml CH2 C12 . The y e llo w  s o lu t io n  was s t i r r e d  fo r  
an  hour a t  room te m p e ra tu re  and th e n  e v a p o ra te d  t o  3 - k  m l. The a d d i t io n  
o f  25 ml o f  MeOH caused  th e  c r y s t a l l i z a t i o n  o f  0 .1  g o f  an o f f - w h i te  
p ro d u c t ,  mp 1 6 5 ° . A n a l. C alcd  f o r  C4 3 H3 6IrN 3 0 Pa: C, 59*69* H,
i f .20; N, i f .8 6 . Found: C, 59*3*6; H, 5*95* N, i f .5 6 .
I n f r a r e d  bands w ere o b serv ed  a t  2218, 2205 s h , and 2 0 3 6  vs 
cm- 1 . The com plex was n o t s u f f i c i e n t l y  s o lu b le  in  CDCI3 fo r  nmr 
a n a ly s i s  and on s ta n d in g ,  th e  s o lu t io n  tu rn e d  d a rk  y e llo w .
Complexes D eriv ed  from  A c e ty le n e s
H y d r id o b ls ( p h e n y le th y n l ) c a r b o n y lb is ( t r lp h e n y lp h o s p h in e ) i r ld iu m ( I I I ) , 
lrH(C^CPh)a(C0 )(Ph3P)a.
a .  T h ree  m i l l i l i t e r s  o f  p h e n y la c e ty le n e  c o n ta in in g  
IrH(CO )2 (Fh3P ) 2  (0 .3 9  S> 0*5 mmole) was warmed to  h 5 “5 0 °  f o r  2  h r  
g iv in g  a d a rk  brown s o lu t io n .  A d d itio n  o f  30 ml o f  MeOH to  th e  co o led  
s o lu t io n  p r e c i p i t a t e d  0 . 3h g (7 2 $) ° f  a  b e ig e  s o l i d  w hich y ie ld e d  w h ite  
n e e d le s  a f t e r  two r e c r y s t a l l i z a t i o n s  from  CH2 Cl-Me0H. Y ie ld , 0 .2 3  g 
(^9$) > mP 180-185° ( d e c ) .  A n a l. C alcd  f o r  C5 3H4 i l £ 0P2 : C, 6 7 .1 8 j H,
h .3 6 j mol w t, 9V f. Found: c ,  67«O lj H, I f . lh ;  mol w t, 976 .
The in f r a r e d  sp ec tru m  i n  th e  1900-2250 cm"1  re g io n  was 
i d e n t i c a l  f o r  th e  c ru d e  and r e c r y s t a l l i z e d  m a t e r i a l .
The above r e a c t io n  was found to  p ro ceed  to  co m p le tio n  a t  room 
te m p e ra tu re  i n  2 - 3  d a y s .
b .  A good y i e ld  o f  th e  same p ro d u c t was o b ta in e d  by h e a t in g  
IrH (C 0 )(P h 3p ) 3  in  n e a t  PhC^JH a t  8 0 -9 0 °  fo r  3 h r .  The r e a c t io n  m ix tu re  
was m o n ito red  a f t e r  h e a t in g  a t  5 0 - 6 0 °  f o r  0 . 5  h r  and a g a in  a f t e r  a n o th e r  
ho u r by p la c in g  a  d ro p  o f  th e  s o lu t io n  betw een  NaCl p l a t e s . The p ro d u c­
t i o n  and g ra d u a l d is a p p e a ra n c e  o f  an  in te rm e d ia te  w ith  bands a t  1 9 7 0  
and 2111 cm"1 was o b se rv e d . The c ru d e  p ro d u c t e x h ib i te d  an  a d d i t io n a l  
weak band a t  20^ 0  cm"1  and i t  was shown th a t  a  m inor f r a c t i o n  w ith  
s t ro n g  bands a t  20^5  and 2 1 2 0  cm- 1  c o u ld  be s e p a ra te d  from  th e  m ain 
p ro d u c t by ch ro m ato g rap h in g  on a s i l i c a  g e l colum n u s in g  a  2 : 1  volume
Ml
r a t i o  o f  benzene-hexane as  e lu e n t .  I n  view  o f  th e  amount o f  m a te r ia l  
th a t  would have to  be chrom atographed to  o b ta in  enough f o r  an a n a ly s is  
and nmr s tu d y , a l a r g e r  s c a le  s e p a r a t io n  was n o t  a tte m p te d .
( l , 2 - b is [ t r i f lu o r o m e th y l ] v in y l ) c a r b o n y l (  h e x a f lu o ro b u ty n e -2 ) b i s - 
f tr ip h e n y lp h o s p h in e ) ir id iu m , Ir[C ( CF3 )=CH(CF) 3  X  CO)[c( CF3)=C( CF3 ) X  Ph3P) 2 .
H ex aflu o ro b u ty n e  was bubbled  th ro u g h  a 70° s o lu t io n  o f  
XrH( CO)( Ph3 p) 3  ( 0 .5  g , 0 .5  mmole) in  10 ml o f  benzene. The r e a c t io n  
m ix tu re  was ta k en  to  d ry n e ss  and co v ered  w ith  EtOH-hexane to  g iv e  a 
m ilky  su sp e n sio n  and a y e llo w  f i l t r a t e .  The c o l le c te d  s o l id  ( 0 .3  g) 
was r e c r y s t a l l i z e d  from CHgClg-hexane and y ie ld e d  a w h ite  p ro d u c t, mp 
170°. A n a l. C alcd f o r  C4 iH3 iF 6IrOP2 : C, 5 0 .5 0 ; H, 2 .9 2 ; P, 5 . 7 8 ;
F, 2 1 .3 2 ; mol w t, 1 0 6 9 . Found: C, 5 0 . 2 k - ;  H, 3*22; P, 5*80; F, 2 1 .0 6 .
The same compound was o b ta in e d  i n  a s im i la r  m anner from 
IrH (C 0)2 (P h 3 P)2 .
R eac tio n  o f IrH( CO) ?( Ph.^P) 2  w ith  D ip h e n y la c e ty le n e .
The ir id iu m  com plex (O .7 7  g , 1 mmole) and PhCsCPh ( 0 .7 1  g, 
mmoles) w ere h e a te d  to g e th e r  in  25 ml o f  benzene a t  6 O-6 5 0  f o r  k h r .
The r e a c t io n  m ix tu re  was e v a p o ra te d  to  d ry n e ss  and e x t r a c te d  w ith  20 ml 
o f  MeOH to  remove th e  e x c e ss  PhC=CPH.• The r e s id u e  was ta k en  up in  10 ml 
o f  benzene, and 30 ml o f  MeOH was add ed . A f te r  s i t t i n g  o v e rn ig h t in  
th e  c o ld , 0 .6  g o f  a brown ye llow  s o l i d  form ed. T his was chrom atographed 
on a s i l i c a  g e l  column u s in g  benzene to  remove a m inor f r a c t i o n  which
e x h ib i te d  a band a t  19^8-50 cm 1 . The m ain band was e lu te d  w ith  5 0 :5 0
b en zen e -m e th an o l. The s o lv e n t  was removed u n d er red u ced  p re s s u re  and
th e  y e llo w  s o l id  c o l l e c t e d .  A n a l. Found: C, 63*23; H, k .^7*  nip
138-1^0°; m ol w t, 105*k C alcd  f o r  IrH (C 0 )(P h 3 P )2 *2PhC=CPh: C, 7 0 .8 3 ;
H, ^ . 6 6 ; m ol w t, 1102.
The s o lu t io n  spec trum  (CHgCls) o f t h i s  p ro d u c t in c lu d e d  bands
a t  2003 v s ,  1617  s ,  1 5 8 6  s ,  8 8 0  m, 8 7 3  m and 8 5 6  w cm"1 .
I n  two p re v io u s  r e a c t io n s ,  m a te r ia l  w ith  an  in f r a r e d  sp ec tru m  
i d i e n t i c a l  to  t h a t  above was o b ta in e d , b u t  th e  c a rb o n  a n a ly s e s  w ere n o t 
c o n s i s t e n t .  The m a te r i a l  e x h ib i t in g  o n ly  th e  one band a t  19^8 cm 1 in  
th e  1 5 0 0 -2 2 5 0  cm 1 r e g io n  v a r ie d  i n  am ounts i n  th e  th r e e  r e a c t io n s  and 
became a m ino r p ro d u c t i f  th e  le n g th  o f  tim e o f  h e a t in g  was in c r e a s e d .  
T h is p ro d u c t  was n o t  f u r t h e r  i n v e s t ig a te d .
The com plex, IrH (C 0)(P h3 p )3 , d id  n o t  r e a c t  when h e a te d  
a t  6 O-6 5 0  w ith  a f i v e - f o l d  ex cess  o f  th e  a c e ty le n e  in  b enzene . T here 
w ere in d i c a t io n s  t h a t  a p ro d u c t was form ed a f t e r  s e v e r a l  h o u rs  a t  
r e f lu x  te m p e ra tu re , b u t  a tte m p ts  to  i s o l a t e  a c h a r a c t e r i s t i c  p ro d u c t 
from  th e  m ix tu re  w ere u n s u c c e s s fu l .
RESULTS AND DISCUSSION
Complexes D e riv ed  from  O le f in s
F u m a r o n i t r i le ,  c in n a r a o n l t r i le ,  b e n z y l id e n e m a lo n o n it r i le ,  and 
fu m aric  a c id  i n  t h e i r  r e a c t io n s  w ith  one o r  more o f  th e  i r id iu m  su b ­
s t r a t e s ,  IrH (CO )( Ph3P ) 3 , IrH (CO )2 (Ph3P )2 , and IrH 3 (CO)(Ph3P ) 2  
d is p la c e  Ph3P , CO, and H2  r e s p e c t i v e l y ,  a t  m o dera te  te m p e ra tu re s  
( 2 5 - 6 5 ° )  to  g iv e  com plexes o f  th e  ty p e ,  I rH (C O )(a c tiv a te d  o le f in ) ( P h 3P )2 . 
The p re se n c e  o f  th e  h y d r id e  l ig a n d  was e s t a b l i s h e d  by d e u te r a t io n  
s tu d ie s  and nmr w here s o l u b i l i t i e s  a llo w e d . The p re sen c e  o f  th e  
h y d r id e  l ig a n d  i n  th e  fu m aric  a c id  com plex was in f e r r e d  from  i t s  
i n f r a r e d  sp ec tru m .
The o l e f i n s  c r o t o n o n i t r i l e ,  1 ,1 -d ip h e n y lm e th y le n e m a lo n o n it r i le ,  
and 1 ,2 - d ip h e n y l tn a le o n i t r i l e  d id  n o t r e a c t  w ith  IrH (CO )(Ph3p ) 3  under 
th e  same p r e p a r a t iv e  c o n d i t io n s ,  p o s s ib ly  f o r  s t e r i c  re a s o n s  f o r  th e  
l a t t e r  two and le s s e n e d  o l e f i n  a c t i v i t y  f o r  th e  fo rm e r . The m ethy l 
group i s  c o n s id e re d  to  be  m ore e l e c t r o n  r e l e a s in g  th a n  hydrogen  and 
t h i s  e f f e c t  i n  c r o t o n i t r i l e  c o u ld  p a r t i a l l y  n e g a te  th e  a c t i v a t in g  e f f e c t  
o f  th e  cyano group  m aking t h i s  o l e f i n  u n re a c t iv e  compared to  a c r y lo ­
n i t r i l e  w hich form s a  d i - o l e f i n  complex*
The in f r a r e d  s p e c t r a  o f  th e s e  c y a n o o le f in  com plexes a re  
s i m i l a r .  F ig u re  2 shows th e  m u ll and s o lu t io n  s p e c t r a  o f  one o f  th e s e  
i n  th e  1900-2250 cm"1 r e g io n .  A common c h a r a c t e r i s t i c  o f  th e s e  h y d r id o -  
com plexes i s  th e  d e c re a se d  i n t e n s i t y  o f  th e  band due to  th e  M-H 
s t r e t c h i n g  freq u e n cy  r e l a t i v e  t o  th e  bands f o r  th e  cyano and c a rb o n y l
s t r e t c h i n g  f r e q u e n c ie s  i n  th e  s o lu t io n  s p e c t r a .
k 6
v r
S e le c te d  band p o s i t io n s  f o r  th e  h y d r id o -  and some o f  th e
c o rre sp o n d in g  d e u te r id o -c o m p le x e s  a r e  p re s e n te d  i n  T a b le  I .  In c lu d e d
a r e  d a ta  f o r  th e  f u m a r o n i t r i l e  com plex p re p a re d  from  IrH 3 (C0 ) (P h 3 A s)a .
A com parison  o f  th e  d a ta  g iv e n  in  th e  t a b l e  shows t h a t  th e r e
i s  a  s h i f t  o f  2 0 - 3 0  wavenumbers tow ard  h ig h e r  fre q u e n c y  f o r  th e  c a rb o n y l
s t r e t c h  in  g o in g  from  th e  h y d r id o -  to  th e  an a lo g o u s  d e u te r id o -c o m p le x e s
and t h i s  i s  i n d i c a t i v e  o f  a  t r a n s  a rran g em en t f o r  H and CO.
I t  I s  i n t e r e s t i n g  to  compare th e  vT „  and v__ v a lu e s  f o r  th exr-H to
pho sp h in e  f u m a r o n i t r i l e  com plex w ith  th o s e  f o r  th e  a r s in e  a n a lo g u e . 
T r ip h e n y la r s in e  i s  a  w eaker Tf-acid a n d /o r  a  b e t t e r  o -donor th a n  Ph3P 
and t h i s  w ould le a d  t o  a  h ig h e r  e l e c t r o n  d e n s i ty  on th e  m e ta l .  The 
low er o b serv ed  v a lu e  f o r  \>„n  i n  th e  a r s in e  com plex i s  i n  a c c o rd  w ith(iU
th e  co n cep t t h a t  in c re a s e d  e l e c t r o n  d e n s i ty  on th e  m e ta l w i l l  r e s u l t
i n  in c re a s e d  b a c k -d o n a tio n  to  th e  TT-antibonding o r b i t a l s  o f  th e  CO
r e s u l t i n g  i n  a  low er bond o r d e r .  The m e ta l-h y d ro g e n  s t r e t c h i n g
freq u en cy  was r e p o r te d  to  be s e n s i t i v e  to  th e  e l e c t r o n  d e n s i ty  on th e
m e ta l8  and t h i s  i s  b o rn e  o u t  by th e  low er v a lu e  f o r  o b se rv ed  f o r
th e  a r s in e  com plex.
A s im i la r  s i t u a t i o n  p r e v a i l s  f o r  th e  c in n a m o n i t r i le  complex
i n  th e  phosp h in e  s e r i e s  o f  h y d r id o - o le f in  com plexes shown i n  th e  t a b l e .
The low er v a lu e s  o b se rv ed  f o r  vT „  and v f o r  t h i s  com plex co u ld  beXr-,H GO
in t e r p r e t e d  a s  b e in g  due t o  red u ced  e l e c t r o n  w ith d ra w a l from  th e  m e ta l 
by th e  o l e f i n  l ig a n d  th ro u g h  i t s  TT-system.
As n o ted  i n  th e  In t r o d u c to r y  s e c t io n ,  an  i n i t i a l  h ig h  e l e c t r o n  
d e n s i ty  on th e  m e ta l te n d s  to  fa v o r  th e  fo rm a tio n  o f  s t a b l e  o l e f i n
F ig u re  2
I n f r a r e d  S p e c tra  o f  IrH(CO)(NCCH=CHCN)(Ph3P ) 2 .
a .  I n  HCBD m u ll
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TABLE X
INFRARED, .STRETCHING FREQUENCIES^ OF
b
HYDRIDO- AND DEUTERIDO-OLEFIN COMPLEXES
Complex VCN Vlr - H vco ^ Ir -H
IrH(CO) (FUMN)L2 223-5 2 1 0 5 1987 850 ,855-865
2 2 1 1 2 1 1 5 1995 817
IrH(CO)(FUMN)L2 2 2 1 1 2 0 8 0 1972 8 2 2 ,8 6 9
2214 2094 1 9 8 2 8 1 5 ,8 7 2
IrD (C O )CFUMNjLg 2 2 1 0 2 0 2 1
2 2 1 5 2025
IrH(CO)(CINN)L2 2 2 1 0 2 0 9 2 I965 8 7 0 ,8 8 8
2 2 0 8 2 1 0 8 1974 9 0 0
IrD(CO)(CINN)L2 2 2 1 0 1985
IrH(CO)(BMN)L2 2 2 1 5 , 2 2 2 5 sh 2 1 0 8 I 9 8 5 ,1 9 9 5 sh 8 0 7 , 8 1 9 ,8 8 9
2 2 2 0 2 1 1 6 1992 8 2 0 -8 5 0
i td ( c o ) ( b m n ) l2 2 2 1 5 , 2 2 2Tsh 2 0 l9 ,2 0 5 4 sh
2 2 2 1 2 0 2 1
IrH(CO) (FUMA)La 2125 1992 816 ,890-895
a .  Band p o s i t io n s i n  cm"1 . HCBD m u lls  - f i r s t  row v a lu e s ; CHsCla
s o lu t io n  -  second row v a lu e s .
b .  A b b re v ia tio n s  used  a r e :  L = Ph3P ; L 7 = PhgAs; FUMN =
f u m a r o n i t r i l e ;  CINN = c in n a m o n i t r i le ;  BMN — b e n z y l id e n e m a lo n o n it r i le ;  
FUMA = fu m aric  a c id .
c .  T hese bands w ere a l l  o f  weak i n t e n s i t y .
com plexes. In  an  a t te m p t to  a s s e s s  a n d /o r  c o n firm  t h i s  f a c t o r ,  a  s e r i e s  
o f  o l e f i n  com plexes was p re p a red  from  XrCl(C0 )(P h 3 A s)a . The r e l a t i v e  
s t a b i l i t i e s  o f  th e s e  com plexes as  d e te rm in e d  from  p r e p a r a t iv e  s tu d ie s  
a r e  p re s e n te d  in  T a b le  I I  w here a  com parison  can be made w ith  th e  
h y d r id o - o le f in  com plexes and o l e f i n  com plexes d e r iv e d  from  
IrC l(C O )(P h 3p ) a  w hich have been  r e p o r te d  i n  th e  l i t e r a t u r e . 2 3  The 
g r e a te r  s t a b i l i t y  o f  th e  h y d r id o - o le f in  com plexes can  be i n t e r p r e t e d  
in  te rm s o f  th e  h y d r id e  l ig a n d  b e in g  more e l e c t r o n  r e l e a s in g  th a n  
c h lo r id e , 24  and f o r  th e  a r s in e  com plexes, th e  PI13AS lig a n d  b e in g  a  
w eaker Tf-acid a n d /o r  a  b e t t e r  o -donor th a n  Ph3 P .
I t  would ap p ea r t h a t  th e  s t a b i l i t i e s  o f  th e  o l e f i n  com plexes
a ls o  depend on th e  e x te n t  to  w hich th e y  can  w ithdraw  t h i s  a v a i l a b le
e le c t r o n  d e n s i ty  in to  t h e i r  T f-an tibond ing  o r b i t a l s ,  le a v in g  th e  m e ta l
atom w ith  a  more p o s i t iv e  c h a rg e . I f  th e  (o r  v_ „) v a lu e s  a r eou ir-H .
used  a s  an  a sse ssm en t o f  th e  p o s i t iv e  c h a rg e  on th e  m e ta l a tom , th e y  
sh o u ld  a l s o  g iv e  an  i n d i c a t io n  o f  th e  r e l a t i v e  s t a b i l i t i e s  o f  th e  
o l e f i n  com plexes i n  an  an a logous s e r i e s .  F o r th e  h y d rid o -co m p lex es  
p re s e n te d  i n  T a b le  I  i t  i s  seen  t h a t  th e  c im m am onitrile  ad d u c t sh o u ld  
be th e  l e a s t  s t a b l e  w hich i s  th e  o b serv ed  c a s e .  The c in n a m o n i t r i le  
l ig a n d  i s  r e a d i ly  d is p la c e d  by f u m a r o n i t r i l e .  The r e l a t i v e  s t a b i l i t i e s  
o f  th e  rem a in in g  p h o s p h in e - o le f in  com plexes can n o t b e  r e a d i l y  a s s e s s e d  
from  th e  in f r a r e d  d a t a ,  a lth o u g h  f u m a r o n i t r i l e  can  r e p la c e  th e  o l e f i n  
l ig a n d  in  th e s e  compounds a s  w e ll  to  form  th e  f u m a r o n i t r i le  a d d u c t.
TABLE I I
RELATIVE STABILITIES OF COMPLEXES OF THE TYPE IrX(CO)(OLEFIN)L2
O le f in X = C l.L  = PhaP
a X = C1,L = PhciAs
F u m a r o n i t r i l e
A c r y lo n i t r i l e
C i  nnamoni t r  i  l e
B e n z y l id e n e m a lo n o n i t r i l e
s o l id  s t a b l e ,  
d is s o c ia te s  s l i g h t l y  
in  s o lu t io n
s o l id  d is s o c ia te s
no complex forms
no complex forms
s ta b le
s o l id  s t a b l e ,  
d i s s o c ia te s  i n  
s o lu t io n
complex n o t 
i s o l a t e d ,  i r  
ev id en ce  fo r  
fo rm a tio n  in  
s o lu t io n
s o l id  s t a b l e ,  
d i s s o c ia te s  in  
s o lu t io n
a . .  R eferen ce  23 .
b .  T h is  work
c .  The h y d r id o - o le f in  complex i s  assumed to  be  an  in te rm e d ia te  i n  th e  fo rm atio n  
d i - o l e f i n  com plex.
X = H.L = Ph.^pb 
s ta b le
complex n o t 
i s o la te d 0
s o l id  s t a b l e ,  
decomposes s low ly  
in  s o lu t io n
s ta b le
o f  th e
v_n
H
The v a lu e  f o r  vT „  in  IrH(CO)(NCCH=CHCN)(PhaAs) 2  g iv e n  i n  
I r - H
T a b le  I  in d i c a t e s  t h a t  th e  M-H bond i s  w eaker i n  t h i s  com plex th a n  in  
th e  an a lo g o u s  p h o sp h in e  com plex . The l a t t e r  compound can  be h e a te d  in  
th e  p re se n c e  o f  e x c e ss  f u m a r o n i t r i l e  to  1 1 0 °  f o r  an  h o u r w ith o u t ch an g e , 
b u t  a s  n o ted  i n  th e  E x p e rim e n ta l s e c t i o n ,  th e  le n g th  o f  r e a c t i o n  tim e  
f o r  th e  p r e p a r a t io n  o f  th e  fo rm er com plex i s  c r i t i c a l .  Two h o u rs  o f  
h e a t in g  a t  8 O-9 O0  p roduces a  compound w hich does n o t c o n ta in  an  I r -H  
bond b u t w h ich , on th e  b a s i s  o f  nmr d a ta ,  s t i l l  p o s s e s s e s  a  bonded 
o l e f i n .  The s t a r t i n g  m a te r i a l  IrH 3 (C0 ) ( P h ^ s )  a , u sed  f o r  th e  p re p a ra ­
t i o n  o f  th e  h y d r id o - o le f in  com plex , i s  more s t a b l e  th a n  i t s  c o rre sp o n d in g  
p h o sp h in e  an a lo g u e  w hich underw ent r e a c t io n s  w ith  th e  o l e f i n s  a t  
m o d era te  te m p e ra tu re s  ( 5 O-6O0 ) . T h is  s t a b i l i t y ,  a s  p o in te d  o u t in  
th e  In t r o d u c to r y  s e c t io n ,  can  be  a t t r i b u t e d  to  th e  e le c t r o n - d o n a t in g  
p r o p e r t i e s  o f  th e  a r s in e  l ig a n d  w hich enhances th e  a b i l i t y  o f  ds  com­
p le x e s  to  undergo  o x id a t iv e  a d d i t i o n .  Once th e  o l e f i n  com plex i s  
form ed how ever, t h i s  same p ro p e r ty  o f  th e  a r s i n e  l ig a n d  a p p a re n t ly  
s e rv e s  to  weaken th e  M-H bo n d .
The s t r u c t u r e  o f  IrH(CO)(NCCH=CHCN)(Ph3P ) 2  h a s  b een  deduced 
from  a co m parison  w ith  th e  in f r a r e d  d a ta  o f  th e  c o rre sp o n d in g  d e u te r id o - 
com plex and h a s  b een  co n firm ed  by an  X -ray  s in g le  c r y s t a l  a n a l y s i s . 63  
T h is  complex e x i s t s  i n  a  t r i g o n a l  b ip y ra m id a l c o n f ig u r a t io n  i n  th e  
s o l i d  s t a t e  a s  shown i n  V.
T h is  i s  a l s o  th e  l i k e l y  s te r e o c h e m is t ry  f o r  th e  com plex i n  s o lu t io n
b ased  on th e  c r i t e r i o n  o f  a  s h i f t  i n  v and i s  th e  p ro b a b le  s t e r e o -
CO
c h e m is try  f o r  a l l  th e  h y d rid o -co m p lex es  p re p a re d .
The nmr sp ec tru m  o f  th e  f u m a r o n i t r i l e  a d d u c t i s  c h a r a c te r iz e d  
by " o l e f i n i c "  p ro to n  a b s o r p t io n s  i n  th e  2 - k  ppm ra n g e , i . e . ,  v a lu e s  
w hich a r e  c o n s id e ra b ly  f u r t h e r  u p f ie ld  th a n  th e  re so n a n c e  o f  th e  
u n c o o rd in a te d  o l e f i n  ( 6 .3  ppm ). I n  th e  h ig h  f i e l d  r e g io n ,  th e  h y d r id e  
a b s o r p t io n  p a t t e r n  i s  c e n te re d  a t  - H . 2 f  ppm. T h is  sp ec tru m  i s  c o n s i s t ­
e n t  w ith  a  r i g i d l y  a t ta c h e d  o rg a n ic  m o ie ty  bonded to  th e  i r id iu m  w ith  
th e  s te r e o c h e m is t ry  b e in g  th e  same i n  s o lu t io n  a s  was found in  th e  
s o l i d  s t a t e  by X -ray  a n a l y s i s .  F o r such  an  a rra n g e m e n t, i . e . ,  an 
" i r id a c y c lo p ro p a n e "  s t r u c t u r e ,  an  ABMJOf sp ec tru m  would be a n t i c ip a t e d  
w ith  n o n e q u iv a le n t phosphorus and h y d rogen  atoms la b e le d  a s  in  V.
The h ig h  f i e l d  p a r t  o f  th e  sp ec tru m  was s im p l i f i e d  by 
i r r a d i a t i n g  a t  2 5 5  cp s to  remove th e  and Hy c o u p lin g  to  
F ig u re  3  ( a )  shows th e  250 Hz sweep w id th  sp ec tru m  b e fo re  ( lo w er
t r a c e )  and a f t e r  d e c o u p lin g  (u p p e r t r a c e )  w here now th e  M p a r t  o f  th e
F ig u r e  3
P ro to n  N u c lea r M agnetic  R esonance S pectrum  o f  
IrH(CO)(NCCH=CHCN)(Ph3P ) 2  a t  100 MHz.
a .  H ig h  F i e l d  P a t t e r n





ABM p a t t e r n  has th e  o u te rm o st l i n e s  s e p a ra te d  by th e  sum J  „  +  J  p
1m" a  hm" b
w hich  i s  j k  Hz.
The low f i e l d  p o r t io n  o f  th e  sp ec tru m  i s  shown in  F ig u re  3  
( b ) .  The upper t r a c e  i s  th e  ABXT p a t t e r n  o b ta in e d  a f t e r  i r r a d i a t i o n  
a t  -H 2 T  cps to  rem ove th e  c o u p lin g . T h is  p a t t e r n  has n o t b e e n  
co m p le te ly  re s o lv e d  and no c o u p lin g  c o n s ta n t f o r  th e  o l e f in i c  
h ydrogens has b een  o b ta in e d .
A s im p le r  p a t t e r n  w hich  shows th e  in e q u iv a le n c y  o f th e  
o l e f i n i c  p ro to n s  was o b serv ed  i n  th e  spec trum  o f  IrCl(CO)(NCCH=CHCN)- 
(P h jjA s)^  The AB p a t t e r n  c o n s i s t s  o f  two d o u b le ts  c e n te re d  a t  2 .f&  and 
3 .2 0  ppm w ith  = 6  Hz. F o r t h i s  compound a l s o ,  th e  sp ec tru m  i s
c o n s i s t e n t  w ith  a  r i g i d l y  a t ta c h e d  o rg a n ic  m o ie ty .
The AB p a r t  o f  th e  ABM p a t t e r n  in  th e  sp ec tru m  o f th e  
h y d r id o -a n a lo g u e , IrH(CO) (NCCH=CHCN)(Ph3 A s)3 , c o n s i s t s  o f  2 s p l i t  
d o u b le ts  c e n te re d  a t  2 . 7 6  and 2 .9 2  ppm. The h ig h  f i e l d  p a t te r n  a p p ea rs  
a s  a  t r i p l e t  c e n te re d  a t  - H . 7 6  ppm, w hich c o l la p s e s  to  a  s i n g l e t  when 
i r r a d i a t e d  a t  2 89  c p s .  I t  was e s t im a te d  t h a t  e ach  member o f th e  
d o w n fie ld  d o u b le ts  was s p l i t  by  c a .  1 .5 - 2  Hz, w hich  in d ic a te s  th e  
s m a ll c o u p lin g  betw een  th e  h y d rid o  and o l e f i n i c  p r o to n s .  I r r a d i a t i o n  
o f  the. h ig h f i e ld  p o r t io n  a t  - H 7 6  cps produced a  t y p i c a l  AB p a t t e r n
w ith  J „  „  = T Hz.Hx-Hy
The p o in t  t o  be made h e re  i s  t h a t  th e  m agn itude  o f th e  
c o u p lin g  c o n s ta n ts  betw een  th e  o l e f i n i c  p ro to n s  w hich were o b ta in e d  
from  th e  s p e c t r a  o f  th e  l a t t e r  two com plexes s u g g e s ts  th a t  th e  o l e f i n  
h a s  l o s t  i t s  d o u b le  bond c h a r a c te r  and i s  bonded to  ir id iu m  to  g iv e  a
"m e ta lla c y c lo p ro p a n e "  s t r u c t u r e  d e p ic te d  a s  I n  I I .  W hereas a  ra n g e  
o f  v a lu e s  from  13 -18  Hz have  b een  r e p o r te d 0 6  f o r  th e  c o u p lin g  betw een  
th e  t r a n s  hydrogen  i n  -CH'KJH- sy s te m s , low er v a lu e s  w ere o b se rv ed  f o r  
t r a n s  hydrogen  c o u p lin g  i n  c y c l i c  s t r u c t u r e s ,  b e in g  6 .9 9  Hz07  f o r  
b rom ocyclopropane and 5*58 Hz6 8  f o r  cy c lo p ro p an e  i t s e l f .
Low s o l u b i l i t i e s  o f  th e  fu m aric  a c id  and c in n a m o n i t r i le  com­
p le x e s  ( th e  l a t t e r  a l s o  te n d s  t o  decompose i n  s o lu t io n  on s ta n d in g )  
p re c lu d e d  nmr s tu d ie s  on th e s e  compounds. The nmr sp ec tru m  o f th e  
b e n z y l id e n e m a lo n o n itr i le  com plex a t t e s t e d  t o  th e  p re se n c e  o f  a  m ix tu re  
o f  iso m ers  and th e  com plex sp ec tru m  h as  n o t b een  r e s o lv e d .  The 
observ ed  s ig n a l s  in c lu d e d  a  b ro ad  band c e n te re d  a t  3 * 8  ppm and a  h ig h  
f i e l d  s ig n a l  c o n s i s t in g  o f  f  s e p a r a te  s p l i t  peaks c e n te re d  a t  
-1 0 .3 4 , -1 0 .4 6 ,  -1 0 .5 4 , -1 0 .6 8 , -1 0 . 8 0 , -1 0 .8 5 ,  and -1 1 .0 0  ppm.
The c a r b o x y l - s u b s t i tu te d  o l e f i n s ,  m a le ic  and c innam ic  a c id  
r e a c t  w ith  IrH (C 0 )(P h 3P ) 3  and IrH (C 0 )2 (Ph3 P ) 2  t o  g iv e  th e  p ro to n a te d  
c a t io n s  [ i r H 2 ( CO) ( Ph3 P) 3 and £ lrH 2 (CO) 2 (P h3P ) 2  ]+ , r e s p e c t i v e l y .  The 
form er was f i r s t  i s o l a t e d  by M a la te s ta 60  a s  th e  p e r c h lo r a te  s a l t  and 
i t s  s t r u c t u r e  was p ro p o sed  by Vaska5 7  on t h e  b a s i s  o f  in f r a r e d  d a t a .  
Collm an6 3  i s o l a t e d  [ lrH 2 (C 0)2 (Ph3P )2 ]  as  th e  h e x a f lu o ro p h o sp h a te  s a l t  
and p roposed  th e  s t r u c t u r e  f o r  t h i s  c a t i o n  a ls o  on th e  b a s i s  o f  
in f r a r e d  d a t a .
I n  t h i s  i n v e s t i g a t i o n ,  i n f r a r e d  and nmr s p e c t r a  w ere o b ta in e d  
u s in g  CH2 C12  s o lu t io n s  o f  th e  i r id iu m  s u b s t r a t e s  c o n ta in in g  an  e x c e ss  
o f  th e  a c i d .  A summary o f  th e s e  e x p e r im e n ts  and r e s u l t s  i s  p re s e n te d  
in  T ab le  I I I .  Only in f r a r e d  bands a d d i t i o n a l  to  th o s e  a l r e a d y  l i s t e d
5T
i n  t h e  E x p e rim en ta l s e c t io n  f o r  th e  c a t io n s  a r e  g iv e n . F o r co m p ariso n , 
th e  in f r a r e d  and h ig h  f i e l d  nmr d a ta  a r e  l i s t e d  f o r  th e  u n p ro to n a te d  
s p e c i e s .
The nmr sp ec tru m  o f  [ I rH 2C0(Ph3P ) 3 3 *-s in t e r p r e t e d  a c c o rd in g
to  t h e  c o r r e l a t i o n  d iag ram  shown in  F ig u re  ^  T h is  2 ^ - l i n e  sp ec tru m  i s  







C o u p lin g  c o n s ta n ts  a r e :  J  = 1 2 j J  = 1 9 ;  „  = h ;
F g “ H® “ of P
J n = l l h ;  j  = 18 Hz; and th e  ch em ica l s h i f t s  a r e :  H = - 9 *53;Pl~Hp «
Hfl = -11,1(0 ppm. T hese r e s u l t s  c o r ro b o ra te  th e  s t r u c t u r e  f o r  th e  
P
c a t i o n  as  p ro p o sed  by V aska. The sum, J_  „  +  J_ „  = 31 i s  i n  good
Of Of
ag reem en t w ith  t h a t  found ( j k  Hz) f o r  th e  c i s -phosphorus c o u p lin g s  to
th e  h y d r id ic  p r o to n  i n  th e  f u m a r o n i t r i l e  com plex.
The c a t i o n  [IrH 2 (C 0 )2 (Ph3 P )2 3*' e x h ib i t s  a  sym m etric  t r i p l e t
c e n te re d  a t  -1 0 .0  ppm, J_ = 15 Hz. T h is  i n d ic a te s  e q u iv a le n c y  o fr-H
phosphorus and h y d ro g en  atom s and th e  s te r e o c h e m is t ry  as  shown i n  V II .
F ig u r e  4
P ro to n  N u c lea r M agnetic  R esonance Spectrum  o f  
[XrHaCO(Ph3P )3 ]+ a t  100 MHz.
58
H-ct H - P
- 9 - 1 0  - I I
PPM (S)
- 1 2
An e q u a l ly  p ro b a b le  t r a n s  a rran g em en t o f  th e  hydrogen  atom s was ru le d  
o u t on th e  b a s i s  o f  th e  i n f r a r e d  d a ta  and th e  above s t r u c t u r e  i s  in  
ag reem en t w ith  t h a t  p ro posed  by C ollm an.
The r e s u l t s  sum m arized in  T ab le  I I I  show t h a t  m a le ic  a c id  in  
th e  c o n c e n tr a t io n  u sed  r e a c t s  a lm o st c o m p le te ly  w ith  b o th  o f  th e  ir id iu m  
s u b s t r a te s  in  CHeCla a s  s o lv e n t .  No u n p ro to n a te d  form  n o r Tf-bonded form 
was d e te c ta b le  by i n f r a r e d  o r  nmr.
C innam ic a c id  in  th e  c o n c e n tr a t io n  u sed  does n o t co m p le te ly  
p ro to n a te  IrH ( C0)2( Ph3 p )g . The u n p ro to n a te d  s p e c ie s  was d e te c ta b le  
w ith  in f r a r e d  and nm r. The b ro a d e n in g  and s h i f t i n g  to  low er freq u en cy  
o f  th e  CO bands in  th e  s t a r t i n g  m a te r i a l  may be due to  th e  h ig h  con­
c e n t r a t i o n  o f th e  a c id  p r e s e n t .  C innam ic a c id  does n o t  f u l l y  p ro to n a te  
IrH (C 0 )(P h 3 p )3 and an a d d i t i o n a l  b ro ad  weak band a t  1965  cm 1 was 
o b se rv ed  in  th e  i n f r a r e d  sp ec tru m . T h is  was a t t r i b u t e d  to  th e  u n p ro to n ­
a te d  s p e c ie s  s in c e  th e  y e llo w  c o lo r  due to  th e  s t a r t i n g  m a te r i a l  in  th e  
s o lu t io n  was n o t  c o m p le te ly  d is c h a rg e d  on th e  a d d i t io n  o f  t h i s  a c id  
as  was th e  c a se  f o r  m a le ic  a c id .  A lthough  no nmr e v id en c e  was o b ta in e d  
f o r  th e  p re sen c e  o f  some u n p ro to n a te d  s p e c ie s  s in c e  i t s  re so n an ce
TABLE I I I
INFRARED AND NMR DATA ON CHgC l2 SOLUTIONS OF HYDRIDQlRIDIUM
S u b s tra te Acid
COMPLEXES CONTAINING
M olar R a tio  
S u b s tra te :A c id




Irli(co)(Ph3P)3 2 0 7 0 w ,l9 3 0 v sb -1 1 .2q j lf2C
m ale ic <  1 :2 -  9.53m
- I 0 .8 5 t
-1 1 .9 8 t
cinnam ic 1 :5 l 9 6 5 b r,w
IrH(CO)s (Ph3P) 2 2095w,2060sh - 1 1 .3 t 3e
1990s,1979m
I9 3 3 sh ,1 9 £ 7 sb
m a le ic < 1 :2 -1 0 .Ot 15
cinnam ic 1 :8 2 0 l5 v , l9 & - 7 0 b r ,s , -1 0 .O t 15
l9 2 0 -2 5 b r ,s -1 1 .5 t 3
a .  Only bands a d d i t io n a l  to  th o se  o f th e  p ro to n a te d  s p e c ie s  a r e  g iv en .
b . S o lu tio n  o f  th e  s u b s t r a te  on ly
c .  R eference  51* q = q u a r t e t ;  m = m u l t ip l e t ;  t  = t r i p l e t
d . Spectrum  shown in  F ig u re  IV; co u p lin g  c o n s ta n ts  g iv en  on p . 57
e .  R eference  55*
6 l
s ig n a l s  would o v e r la p  w ith  t h a t  o f  th e  c a t i o n ic  s p e c ie s ,  i n d i r e c t  
e v id e n c e  th a t  th e  band a t  1965  cm 1 i s  n o t due to  a TT-bonded s p e c ie s  
came from  th e  I n f r a r e d  m o n ito r in g  o f  a benzene s o lu t io n  o f 
IrH ( C0)( Ph3P )3 and cinnam ic a c id  warmed to  h 0 -5 0 °  f o r  an h o u r . I n  th i s  
s o lv e n t ,  no c a t i o n i c  sp e c ie s  was form ed and o n ly  bands due to  th e  
s t a r t i n g  m a te r ia l  w ere o b serv ed .
Fum aric a c id ,  on th e  o th e r  hand , does p roduce  a m ix tu re  o f  th e  
p ro to n a te d  c a t io n  and a TT-bonded complex which i s  e a s i l y  i s o l a t e d  because 
o f  i t s  i n s o l u b i l i t y  i n  p o la r  and n o n p o la r  s o lv e n t s .
In  summary th e n , m a le ic  a c id  s t a b i l i z e s  IrH( CO)( Ph3 p ) 3 as  the  
c a t i o n  so  t h a t  e l im in a t io n  o f  Ph3 P and TT-bond fo rm a tio n  i s  n o t  fa v o re d . 
C innam ic ac id  a p p a r e n t ly  i s  n o t  a c t i v a te d  s u f f i c i e n t l y  as an o l e f i n  to  
TT-bond, even though i t  does n o t  f u l l y  p ro to n a te  th e  ir id iu m  s u b s t r a t e .  
Fum aric a c id ,  l e s s  a b le  to  p r o to n a te  th a n  m a le ic  a c id ,  i s  a c t i v a t e d  
enough a s  an o l e f i n  to  TT-bond.
The com plex ( C y a n o [d ic y a n o m e th y l]k e te n im in a to )c a rb o n y l(  t e t r a -  
c y a n o e th y le n e )b is (  t r ip h e n y lp h o s p h in e ) i r id iu m .c a n  be formed by th e  a c tio n  
o f TCNE on IrH( CO)e ( Ph3P)2 , IrH ( CO>( Ph3P) 3 o r I rH s( C0)( Ph3P )2 a lth o u g h  th e  
y i e ld s  v a ry . The f i r s t  i r id iu m  s u b s t r a t e  g iv e s  a good y ie ld  o f  th e  com­
p le x  i n  a  c le a n  r e a c t io n  in  a ben zen e  s o lu t io n .  The use  o f  
IrH ( CO) ( Ph3p) 3 i s  c o m p lic a te d  by  a r e a c t io n  b e tw een  TCNE and th e  
d is p la c e d  Ph3P l ig a n d  le a d in g  to  t a r  fo rm a tio n . As p o in te d  o u t  in  
th e  E x p e rim en ta l s e c t io n ,  th e  a d d i t io n  o f a lc o h o l  to  the  benzene  
r e a c t i o n  m ix tu re  g iv e s  a h ig h e r  y i e l d ,  b u t th e  p ro d u c t  i s  q u i t e  im pure.
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The t r ih y d r id o i r id iu m  s u b s t r a t e  d oes n o t  r e a d i ly  r e a c t  a t  room tem p era ­
tu r e  and th e  r e a c t io n  m ix tu re  m ust be wanned to  1*5 ”50° • I n  t h i s  one 
e x p e r im e n t, e th a n o l was added to  p r e c i p i t a t e  a  1 0$  y i e l d  o£ th e  com plex , 
so i t  i s  n o t known w h e th e r p ro lo n g ed  h e a t in g  o f  th e  b en zen e  s o lu t io n  
o f th e  r e a c t a n t s  would p ro d u ce  m ore o f  th e  complex o r  w h e th er 
Ir(CN)(CO)(TCHE)(Ph3p ) 2  would be  p roduced  as i s  th e  c a s e  f o r  th e  
a r s in e  an a lo g u e  o f  th e  t r i h y d r id o - i r i d iu m  s u b s t r a t e  ( v id e  i n f r a ) .
The s t r u c t u r e  o f  I r ( C 6N4H)(C0 )(TCNE)(Ph3P ) 2  was proposed on  
th e  b a s i s  o f  e le m e n ta l a n a ly s i s ,  and in f r a r e d  and nmr s p e c t r a l  d a ta .
I t  has b e e n  con firm ed  b y  a  s in g le  c r y s t a l  X -ray  a n a l y s i s 6 4  which shows 
a  t r i g o n a l  b ip y ra m id a l c o n f ig u r a t io n  a b o u t th e  i r id iu m  atom  w ith  th e  
two P atom s and th e  TONE i n  th e  e q u a to r i a l  p la n e , d e p ic te d  as  in  V I I I .  
The Ir-N -C  a n g le  was r e p o r te d  a s  1 6 2 ° .
CO CN
V III
S e le c te d  l r  band p o s i t io n s  f o r  t h i s  com plex w ere a s s ig n e d  on 
th e  b a s i s  o f s i m i l a r  v a lu e s  r e p o r te d  in  th e  l i t e r a t u r e 3 3  and a r e  a s  
f o l l o w s :
VCN  VN==C=C(asym) VC0 ^^C-CC sym)
2235sh ,2220s 2 l6 8 v s  2080vs I 3 6 OW (CH2 C la )
2 2 3 3 m, 2 2 0 9 s 20-5 8v s  20T5VS 1 3 3  5w (h cb d )
The m u ll and s o l u t i o n  s p e c t r a  i n  th e  1950-2250 era"1  r e g io n  g iv e n  i n  
F ig u re  V show t h a t  th e  i n t e n s i t y  o f  th e  band due to  th e  k e te n im in e  
g roup  i s  n o t m ark ed ly  d i f f e r e n t  in  th e  two m edia i n  c o n t r a s t  to  a  band 
due to  I r -H  a s  p o in te d  o u t e a r l i e r .  T h is  e f f e c t  h a s  b een  u s e f u l  in  
p r e d ic t in g  w h e th e r o r  n o t a  band i n  t h i s  r e g io n  i s  due to  v I r _H*
The nmr sp ec tru m  i s  c o n s i s t e n t  w ith  th e  above fo rm u la t io n ,  
and shows a s i n g l e t  a t  h , 2  ppm whose in te g r a te d  i n t e n s i t y  i s  c a .  1 / 3 0  
t h a t  o f  th e  p h en y l p ro to n s .
The r e p o r te d  bond a n g le  f o r  I r-N -C  o f  1 6 2 °  would su g g e s t 
t h a t  N i s  s£  h y b r id iz e d  w ith  a  d i s t o r t i o n  from  l i n e a r i t y  due to  th e  
b u lk y  Ph3P g roups r a t h e r  th a n  a  d i s t o r t i o n  from  1 2 0 °  f o r  an  s p 5  
h y b r id iz e d  a tom . T h u s, a  re so n a n c e  s t r u c t u r e  su ch  as  IX (a )  would be 
c o n s id e re d  a  m ore im p o r ta n t c o n t r ib u t in g  form  th a n  IX ( b ) .
F ig u re  5
I n f r a r e d  S p e c tra  o f  I r ( C sH4:H)(C0 )[C(CN )2 =C(CN)2 ](P h 3P )a
a .  I n  CH2 C1 s o lu t io n .
b . In  HCBD m ull
/
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I f  th e  v a lu e  o f  2080 cm-1  f o r  In  t h i s  com plex i s  com pared
t o  th e  ra n g e  o f  v a lu e s 23 o f  2055-2065 cm"1 f o r  v  i n
GO
IrX(CO)(TCNE)(Ph3P ) a (X «  C l,  B r , I ,  NCO, NCS) i t  would a p p ea r t h a t  
th e  k e te n im in a to - l ig a n d  i s  n o t o n ly  l e s s  e l e c t r o n - r e l e a s i n g  th a n  X, 
b u t r a t h e r  e le c tro n -w ith d ra w in g , and t h i s  e f f e c t  would be c o n s i s t e n t  
w ith  c a n o n ic a l form  IX ( a )  w hich d e p ic t s  a  p a r t i a l  p o s i t i v e  c h a rg e  on 
th e  N atom  bonded to  th e  i r id iu m .
th e  fo rm a tio n  o f  th e  k e ten im in a to -co m p lex  le a d s  to  s e v e r a l  p o s s ib le  
m echanism s:
n u c le o p h i l ic  a t t a c k  by th e  n i t r i l e  n i t r o g e n  o f  a  second TONE m o lecu le  
t o  g iv e  a  1 , 4 - a d d i t io n  i n  a  6 - c e n te r  c o n c e r te d  r e a c t i o n .
I f  th e  fT-bonded TCNE m o ie ty  removed s u f f i c i e n t  e l e c t r o n  d e n s i ty  from  
th e  m e ta l to  i n v i t e  n u c le o p h i l ic  a t t a c k ,  th e n  th e  r e s u l t i n g  in c re a s e  
i n  e l e c t r o n  d e n s i ty  from  th e  n i t r i l e  n i t r o g e n  m ig h t s e rv e  to  weaken 
th e  I r - H  bond and 1 ,4 - a d d i t i o n  would fo llo w  a s  d e p ic te d  in  e q . 9 - 
However, no r e a c t io n  was found to  o ccu r be tw een  TONE and th e  h y d r id o -  
f u m a r o n i t r i le  com plex a t  m o dera te  te m p e ra tu re s  a lth o u g h  i n  v iew  o f  th e
S p e c u la t io n  r e g a rd in g  p o s s ib le  r e a c t i o n  pathw ays le a d in g  to
(a )  A h y d rid o -T T -o le fin  com plex i s  f i r s t  form ed fo llo w ed  by
H




r a t h e r  h ig h  v a lu e  f o r  v n i n  t h i s  com plex, one m ig h t p r e d ic t  t h a t  th eOU
m e ta l would be  s u f f i c i e n t l y  p o s i t i v e l y  charged  to  be  open to  n u c le o ­
p h i l i c  a t t a c k .  The la c k  o f  r e a c t io n  i n  t h i s  c a se  may c o n s t i t u t e  
e v id e n c e  a g a in s t  such  a  m echanism .
(b ) T e tra c y a n o e th y le n e  d is p la c e s  e i t h e r  a  CO o r  a  Ph3P 
l ig a n d  from  th e  a p p ro p r ia te  i r id iu m  s u b s t r a t e  by a p p ro a ch in g  N en d -o n . 
The r e s u l t i n g  in c r e a s e  o f  e l e c t r o n  d e n s i ty  on th e  i r id iu m  atom  would 
le a d  to  a  w eakening  o f  th e  I r -H  bond and hydrogen  t r a n s f e r s  a s  in  (a )  
to  g iv e  1 , h - a d d i t io n .  T h is  u n s a tu r a te d  i r i d iu m ( l )  complex th e n  adds 
a second o l e f i n .
XN=C=C-R
' 'l r - N ^ - 'c S c R a --------->  CRgH ™—CNE >  V I I I  (10)
P ^ l  R C 0 ^  ^ P
CO
(c )  A h y d rid o -fT -o le f in  complex I s  form ed i n i t i a l l y ,  fo llo w ed  
by a  1 , ^ - a d d i t io n  to  th e  c o o rd in a te d  TCNE to  g iv e  a  c o o r d in a t iv e ly  
u n s a tu r a te d  i r i d iu m ( l )  complex w hich su b se q u e n tly  adds a  second m o lecu le  
o f  th e  o l e f i n .
H /CHCCNjg
P v  I /C-CN  P ^  N=C=C
| 1 ,4 -a d d ltlo n  \ CN _ + J £ ra _ >  VIII
M o lecu la r o r b i t a l  c a l c u l a t i o n s 69 I n d ic a te  t h a t  th e r e  i s  a b u i ld - u p  o f  
n e g a tiv e  c h a rg e  on th e  n i t r i l e  n i t r o g e n s  r e l a t i v e  to  th e  ca rb o n  atoms 
in  TCNE and i t  may be p o s s ib le  f o r  h y d r id e  t r a n s f e r  to  ta k e  p la c e ,
fo llo w ed  by  an i n t e r n a l  e l e c t r o p h i l i c  a t t a c k  by th e  i r id iu m  on one
o f  th e  n i t r o g e n  atoms to  com plete  th e  1 ,4 - a d d i t io n .
Q u a l i t a t iv e  ev id en ce  in  fa v o r  o f  e i t h e r  pathw ay (b )  o r  ( c) 
comes from  in f r a r e d  m o n ito r in g  o f  a r e a c t io n  m ix tu re  o f  IrH( CO)a(Ph3p) 2 
and TCNE. The sp ec tru m  o f th e  m ix tu re  g iv e n  in  F ig u re  6 shows t h a t  
th e  band a t  2152 cm 1 i s  more in te n s e  th a n  th e  c a rb o n y l band a t  
2 0 7 0  cm 1 , w hereas th e y  a r e  a b o u t e q u a l ly  in te n s e  i n  th e  f i n a l  p ro d u c t 
( s e e  F ig u re  5 )•  A lso  shown in  F ig u re  6 a r e  th e  two low er freq u e n cy
bands due to  c a rb o n y l i n  th e  s t a r t i n g  m a te r i a l ,  one o f  which (1940  cm 1)
has d e c re a se d  in  i n t e n s i t y  due to  i t s  re p la ce m e n t and th e  o th e r  
( 1 9 8 9  X) w hich has n o t  undergone any s h i f t  in  freq u en cy  from  i t s  
o r i g i n a l  p o s i t i o n .  T h is  sp ec tru m  i s  c o n s i s t e n t  w ith  th e  fo rm a tio n  
from th e  d ic a rb o n y l complex o f  V II I  and I r (  C6N.4.H)( C0)( Ph3P)g w ith  th e  
l a t t e r  in te rm e d ia te  complex in  h ig h e r  c o n c e n tr a t io n .  T h is  s u g g e s ts  t h a t  
t h i s  in te rm e d ia te  i s  a  p re c u r s o r  to  V I I I .
The w h ite  compound d e s c r ib e d  in  th e  E x p e rim en ta l s e c t io n  as a 
b y -p ro d u c t from ed when a lc o h o l  was u sed  d u r in g  th e  t r i a l  p r e p a r a t io n s  
o f  th e  k e ten im in a to -co m p lex  ( V I I I ) ,  h as  b e en  fo rm u la ted  as  
Ir(C N )(C 0)(TCN E)(Ph3P)2 , c o n s i s t e n t  w ith  th e  e le m e n ta l a n a ly s i s  which 
in d ic a te s  a  P:N atom r a t i o  o f  2 :5* S t r u c tu r e  X i s  su g g e s te d .
F ig u r e  6
Infrared Spectrum of a Reaction Mixture Containing 
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The m u ll and s o lu t io n  s p e c t r a  f o r  t h i s  compound and th e  m ull 
sp ec tru m  f o r  th e  a r s in e  a n a lo g u e  i n  th e  2 0 0 0 -2 2 5 0  cm"1  r e g io n  a r e  shown 
i n  F ig u re  7 .  T hese  s p e c t r a  a r e  v e ry  s im i la r  to  th o s e  r e p o r te d  f o r  
IrX(CO)(TCNE) ( Ph3P ) 2  (X = C l,  B r, 1 ,  NCO, NCS) w here g e o m e tr ic a l  i s o ­
m erism  was invoked  to  e x p la in  th e  low er freq u e n cy  band w hich was n o t 
o b se rv ed  in  th e  s o lu t io n  sp ec tru m  s in c e  i s o m e r iz a t io n  to  th e  more 
s t a b l e  isom er had ta k e n  p la c e . 2 3  The bands a t  2080 and 2252 cm- 1  
(F ig u re  7 . ( a ) )  a r e  p ro b a b ly  vCQ and ( o f  TCNE) r e s p e c t iv e ly  by 
com parison  w ith  th e s e  a fo rem en tio n ed  co m p lex es . I t  i s  p ro b a b le  t h a t  
th e  band due to  th e  c y a n o - lig a n d  a t ta c h e d  to  th e  i r id iu m  o v e r la p s  w ith  
th e  band a t  2250 cm"1  due to  th e  cyano groups i n  TCNE s in c e  t h i s  band 
showed e i t h e r  a  s l i g h t  s p l i t t i n g  o r  a  s h o u ld e r  i n  th e  v a r io u s  s p e c t r a  
t h a t  w ere  exam ined.
F u r th e r  e v id e n c e  f o r  th e  fo rm u la t io n  o f th e  w h ite  p ro d u c t as 
X comes from  th e  o th e r  m ethods o f  p r e p a r a t io n  o f  th e  compound. When 
V I I I  i s  warmed w ith  KCN in  a c e to n e , th e  k e te n im in a to - l ig a n d  i s  
d is p la c e d  by c y an id e  io n ,  an a lo g o u s to  th e  d isp la c e m e n t r e a c t io n s  
undergone by s ta n n y lk e te n im in e s  w ith  r e a c t i v e  h a l id e s  ( e q .  8 ) .  When 
V II I  i s  r e f lu x e d  i n  m e th a n o l, a  low y ie ld  o f  X i s  o b ta in e d . A
F ig u r e  7
a .  I n f r a r e d  Spectrum  o f  Ir(C N )(C 0 )(TCNE)(Ph3 P ) a  i n  N u jo l m u ll .
b .  I n f r a r e d  Spectrum  o f  Ir(C N )(C 0 )(TCHE)(Ph3 P )a  in  CHaC la  s o lu t i o n .
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r e a s o n a b le  r e a c t io n  p a th  would in v o lv e  th e  fo rm a tio n  o f  an  i r id iu m  
a lk o x id e  in te rm e d ia te  (an a lo g o u s  t o  th e  fo rm a tio n  o f  s ta n n y l  a lk o x id e s  
by a lc o h o ly s is  o f  s ta n n y lk e te n im in e s  a c c o rd in g  to  e q . 7 ) w hich co u ld  
th en  undergo  n u c le o p h i l ic  d isp la c e m e n t by th e  c y a n id e  io n  g e n e ra te d  
in  s o lu t io n  by th e  a c t i o n  o f  a lc o h o l  on th e  c le a v e d  k e te n im in a to -  
m o ie ty .
When TCNE and IrH 3 (C0 ) (P h 3As) 2  a r e  r e f lu x e d  to g e th e r  in  
b en zen e , th e  t r i p h e n y la r s in e  an a lo g u e  o f  X p r e c i p i t a t e s  from  th e  h o t 
s o lu t io n .  No r e a c t i o n  o c cu rs  when th e s e  r e a c t a n t s  a re  warmed in  
benzene a t  5 0 -6 0 ° , i n  c o n t r a s t  t o  th e  r e a c t i o n  be tw een  TCNE and 
IrH 3 (CO)(Ph3P ) a . I t  may be t h a t  th e  t r i p h e n y la r s in e  an a lo g u e  o f  V III  
i s  form ed a s  an  in te rm e d ia te  w hich i s  u n s ta b le  i n  r e f lu x in g  benzene 
and decom poses to  Ir(CN)(CO)(TCNE)(Ph3A s)2 .
I t  was hoped to  s y n th e s iz e  X from  Ir(C N )(C O )(Ph3P ) 2  and 
TCNE f o r  f i n a l  e v id e n c e , b u t a t te m p ts  to  form  Ir(C N )(C O )(Ph3P ) 2  from  
th e  c h lo ro -a n a lo g u e  (V a sk a 's  compound) by a  m e ta th e t i c a l  r e a c t i o n  w ere 
u n s u c c e s s fu l .
The h ig h  v a lu e  f o r  shown i n  F ig u r e  7 ( a )  i s  to  be
u v
ex p ec ted  i n  v iew  o f  th e  TT~acceptor c h a r a c te r  o f  th e  c y an id e  io n  w hich
i s  com parab le  i n  i t s  e le c tro n -w ith d ra w in g  a b i l i t y  to  t h a t  o f  th e
k e te n im in a to - l ig a n d . The low er o b se rv ed  v a lu e  f o r  v in  th e
LU
t r i p h e n y la r s in e  an a lo g u e  (F ig u re  7  ( c ) )  i s  i n  k eep in g  w ith  th e
w eaker T f-a c id ity  o f  th e  t r i p h e n y la r s in e  l ig a n d .
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The e le m e n ta l  a n a ly s is  and In f ra r e d  s p e c t r a l  d a ta  f o r  th e  
p ro d u c t o f  the  r e a c t i o n  betw een IrH ( C0 ) 2 ( Ph3 p )£  and CeHsCH=C( CN) 2  b e s t  
f i t  th e  fo llo w in g  fo rm u la tio n :




















A compound an a lo g o u s  to  XI w ith  an  i d e n t i c a l  i n f r a r e d  sp ec tru m  in  th e  
1 9 0 0 -2 2 5 0  cm 1 r e g io n  i s  o b ta in e d  when th e  d e u te r id o ir id iu m  com plex 
i s  em ployed. The nmr spectrum  o f  XI e x h ib i ts  no  h ig h  f i e l d  s ig n a l  
in d i c a t in g  th e  a b se n c e  o f a h y d ro g en  bonded to  i r id iu m . The sp ec tru m  
d o es  show two low f i e l d  d o u b le ts  c o n s is te n t  w i th  th e  two b e n z y l p ro to n s  
i n  th e  k e te n im in a to -m o ie ty  b u t an  e x t r a  s ig n a l  i n  th e  sp ec tru m  has n o t 
b een  in te r p r e te d  a s  due to  th e  p ro to n  in  th e  TT-bonded m o ie ty . A ttem pts 
to  r e p la c e  t h i s  g ro u p  w ith  TCNE t o  produce a  s im p l i f i e d  sp ec tru m  have 
n o t  g iv e n  a d e f i n i t i v e  answ er. S u c c ess iv e  r e c r y s t a l l i z a t i o n s  o f  t h i s  
s u b s t i t u t i o n  p ro d u c t  a p p a re n tly  c au se  the  compound to  undergo  change 
as  ev idenced  by th e  in c o n s i s te n t  e lem en ta l a n a ly s e s .
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B e n z y lid e n e m a lo n o n i tr i le  does fo rm  a  k e ten im in a to -co m p lex  
when i t  r e a c t s  w ith  HPbfc^Hg^ 34  which s u g g e s ts  th a t  th e  fo rm u la t io n  
g iv e n  i n  XI i s  e n t i r e l y  p o s s ib l e .
I t  i s  o f  I n t e r e s t  t h a t  C6HsCH=C(CN)a  r e a c t s  d i f f e r e n t l y  w ith  
IrH (C O )a (Ph3P ) 2  and IrH (C 0 ) (P h 3P )3 , fo rm in g  a  h y d rid o -m o n o o le fin  
com plex w ith  th e  l a t t e r  i r id iu m  s u b s t r a t e .  T h is  I s  i n  c o n t r a s t  to  th e  
o th e r  a c t iv a te d  o l e f i n s  em ployed i n  t h i s  s tu d y  which r e a c t  to  form 
i d e n t i c a l  p ro d u c ts  r e g a r d le s s  o f  th e  i r i d iu m  s u b s t r a te  u s e d .  The 
r e a s o n  f o r  th e  anom alous b e h a v io r  o f  b e n z y l id e n e m a lo n o n i t r i le  i s  not 
u n d e rs to o d  b u t  i t  i s  s u r e ly  a  problem  f o r  f u r t h e r  s tu d y .
On th e  b a s i s  o f  th e  e le m e n ta l a n a l y s i s ,  th e  p ro d u c t  from th e  
r e a c t i o n  o f  a c r y l o n i t r i l e  and  IrH(CO)(Ph3 P ) 3  has been  fo rm u la te d  as 
I r ( C 3H4 N)(C0 )(NCCH=CH2 ) (P h 3 P )a . S t r u c tu r e  X II  i s  p ro p o se d .
^ C H z C N  
P1*2  H CN
Ph3?N  I V
' I r  <- ||




I t  i s  su g g e s te d  t h a t  a  h y d r id o - o le f in ic  com plex i s  i n i t i a l l y
formed fo llo w e d  by " i n s e r t i o n "  o f  th e  o l e f i n  i n to  th e  I r -H  bond to  p ro ­
duce th e  fo u r  c o o rd in a te  o -c y a n o e th y l com plex w hich th e n  adds a  second 
o l e f i n  m o lecu le  to  form  th e  r e s u l t a n t  com plex . I f  th e  h y d r id e  l ig a n d  
i s  c o n s id e re d  a n io n ic  i n  n a tu r e ,  th e n  th e  o -bonded group  would be 
ex p ec te d  to  be bonded to  i r id iu m  t o  p roduce  an Ir-CH(CH3 )CN l in k a g e  
d u r in g  th e  i n s e r t i o n  s t e p . 39 However, th e  p re sen c e  on  th e  m e ta l o f
l ig a n d s  o f  h ig h  T T -acid ity  can  in c r e a s e  th e  p o l a r i t y  o f  th e  M-H bond
in  th e  d i r e c t i o n  o f  - H ^ 66 and so fa v o r  th e  ty p e  o f  i n s e r t i o n  
d e p ic te d  a s  in  X II f o r  th e  o -bonded m o ie ty .
F u r th e r  e v id en c e  i n  fa v o r  o f  fo rm u la t io n  X II comes from  th e  
r e a c t io n  o f  th e  com plex w ith  f u m a r o n i t r i l e  i n  w hich i t  i s  assumed t h a t
th e  TT-bonded m o ie ty  h a s  been  re p la c e d  to  g iv e  X I I I .
The c a rb o n y l s t r e t c h i n g  fre q u e n c y  in c r e a s e s  from  19 65  cm"1 
to  2 0 3 6  cm-1  when f u m a r o n i t r i l e  r e p la c e s  a c r y l o n i t r i l e .  T h is  s u g g e s ts  






hy d rogen  s in c e  th e  vnn bond in  th e  h y d r id o f u m a r o n i t r i le  complex o c cu rsW
a t  1 9 8 7  cm- 1 .
Complexes Derived from Acetylenes
When PhĈ CH is  heated with either lrH(CO)(Ph3P)3 or
IrH(CO )a (Ph3 P ) 2 , a  w h ite  com plex i s  o b ta in e d  w hich  h a s  b een  fo rm u la te d
a s  a  d i a c e ty l id e  on  th e  b a s i s  o f  i r ,  nmr and e le m e n ta l  a n a l y s i s .
F ig u r e  8  shows th e  m u ll sp ec tru m  i n  th e  r e g io n  1900-
2250 cm- 1 . The bands a r e  a s s ig n e d  a s  fo l lo w s :  2009 v s  ( vCq)» 2140 m
(v T „ )»  and 23-25 v s  ( v - —) cm"1 . The l a t t e r  in te n s e  band i s  c h a ra c -  I r -H
t e r i s t i c  o f  a  o-bonded a c e t y l i d e  g ro u p . 4 7  I n  th e  800-900 cm"1  r e g io n ,
medium bands at 8 2 0  and 8 6 7  a r e  a ss ig n e d  to  8T„ „ .±X “ H.
CDgClg a t  60 MHz shows m u l t i p l e t s  c e n te re d  a t  6 .4 ,  6 . 9 , 7 * 4 , and 7*8 Ppm
due to  p h en y l p ro to n s  and a  h ig h  f i e l d  sy m m etric a l t r i p l e t  c e n te re d
a t  - 9 .2  ppm (J^. „  = 15 H z ), whose in te g r a te d  i n t e n s i t y  i s  1 /4 0  t h a t  
jt “H
o f  th e  p h en y l p r o to n s .  A sym m etric  t r i p l e t  i s  c o n s i s t e n t  w ith  e i t h e r  
o f  th e  fo l lo w in g  two s t r u c t u r e s  w h e re in  th e  P atom s a r e  e q u iv a le n t .








F ig u r e  8
Infrared Spectrum of IrH(CsCPh)a(C0)(Ph3P)a in Nujol Mull.
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On th e  b a s i s  o f  th e  one in te n s e  band a t  2125 cm- 1 , t h e  t r a n s  s t r u c t u r e  
i s  f a v o re d . S t r u c tu re  XIV (a )  would be ex p ec ted  to  show two 
b a n d s .
Brown and W ilk in so n  r e p o r te d  i n  a  r e c e n t  p ap e r7 1  th a t  
a lk - l - y n e s  r e a c t  w ith  IrH (C O )(Ph3P ) 3  and IrH(CO)2 (P h3F ) 2  by d i s p la c e ­
ment o f  Ph3P and CO r e s p e c t i v e l y ,  to  g iv e  th e  in te r m e d ia te  
[lr(C^CR)H 2 (C 0)(Ph3P ) 2 3- T h is  c is -d ih y d r id o -c o m p le x  r e a d i l y  lo s e s  
hydrogen  and i r i d iu m ( l )  a c e ty l id e  com plexes o f  s to ic h io m e try  
Ir(C ^ 3 R )(C 0 )(P h 3P ) 2  o r  3  a r e  formed a c c o rd in g  to  e q . 1 2 .
-H2
[Xr(CsCR)H2 (CO)(Ph3P )2 ]  I r (  C=CR)(CO)(Ph3 P ) 2  o r s  (1 2 )
T hese com plexes were r e p o r te d  to  r e a c t  w ith  an e x c e ss  o f  a lk - l - y n e s  
to  g iv e  o ran g e  s o lu t io n s .  The o ra n g e -y e llo w  sq u a re  com plexes undergo 
a w ide ra n g e  o f  o x id a t iv e - a d d i t io n  r e a c t io n s  and r e a d i l y  add oxygen 
even i n  th e  s o l id  s t a t e .  The y e llo w  f iv e - c o o r d in a te  com plexes 
e s t a b l i s h  th e  fo llo w in g  e q u i l ib r iu m  i n  s o lu t io n :
Ir(C=CR)(CO )(Ph3P) 3  st Ir(C=CR)(CO )(Ph3 P ) 2  +  Ph3P (1 5 )
The mechanism f o r  th e  a d d i t io n  o f  FhC=£H t o  th e  ir id iu m  
s u b s t r a t e s  is  p o s tu la te d  to  p roceed  i n  th e  same m anner a s  fo r  th e  
a d d i t io n  o f  a lk - l - y n e s .  However, i n  c o n t r a s t  to  a l k - l - y n e s ,  a second  
m o lecu le  o f  PhC^CH can  add to  th e  sq u a re  p la n a r  com plex to  produce 
XrH(CsCPh) 2 ( CO) (Ph3P ) 2 .
TO
The r e a c t io n  betw een PhC=CH and IrH( C0)2 ( Ph3 P) 2  p ro c e ed s  to  
com pletion , a t  5 0 - 6 0 °  i n  l e s s  than  2  h r  a lth o u g h  th e  r e a c t io n  can o ccu r 
a t  room te m p e ra tu re  o v e r  a longer p e r io d  o f  tim e . When th e  same 
d i a c e t y l i d e  i s  p re p a re d  from  IrH(CO)( Ph3 p )3 , a y e llo w  in te rm e d ia te  
f i r s t  fo rm s a t  5 0 - 6 0 °  and  th e  r e a c t io n  m ix tu re  r e q u i r e s  h e a tin g  a t  
8 0 - 9 0 °  f o r  3  h r  to  c o n v e r t  th i s  in te rm e d ia te  c o m p le te ly  to  th e  end 
p ro d u c t .  I t  i s  s u g g e s te d  th a t  th e  d is p la c e d  Ph3 P com petes w ith  
PhC^CH i n  a f a s t e r  r e a c t i o n  w ith  th e  sq u a re  p la n a r  complex to  p ro d u ce  
Ir (C sc P h )(  C0 )(P h 3 P) 3  w h ich  th en  m ust d i s s o c i a t e  b e f o r e  PhC=CH can  
r e a c t  to  p roduce th e  m ore s ta b le  d i a c e t y l i d e .
The s t r u c t u r e  o f  th e  com plex formed from  th e  r e a c t io n  o f  
CF3 C=CCF3  w ith  e i t h e r  lrH ( CO) ( Ph3 P) 3  o r  IrH( C0)3( Ph3 p ) 2  has been 
fo rm u la te d  as a o - v in y l ,  T f-acety lene  compound ( XV) on th e  b a s is  o f  i r  
and e le m e n ta l  a n a ly s i s .  The complex i s  s p a r in g ly  s o lu b le  in  CDC13  and 
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The N u jo l m ull sp e c tru m  In c lu d e s  bands a t  1991 v s  ( vqq)>
17^2 s (v „  _)» and 1610 m cm"1 . Two a d d i t io n a l  medium i n t e n s i t y
bands lo c a t e d  a t  2 0 0 3  and 8 2 5  cm"1  a re  n o t c o n s id e re d  as  due  to  vT11T“H
a lth o u g h  t h i s  h a s  n o t b een  co n firm ed  by p re p a r in g  th e  a n a lo g o u s  d e u te r iu m
compound. The low freq u en cy  band  has been  a s s ig n e d  to  which can
o ccu r as  a  s t r o n g  band i n  th e  800-8^0  cm- 1  r e g io n . 5 0  The band a t
2 0 0 3  cm”1  i s  low fo r  vT u  i n  th e s e  ty p e s  o f  complexes and  i s  l ik e ly
X3T“ii
i n d ic a t iv e  o f  g e o m etric a l iso m e rism .
The s tro n g  band a t  17^-2 cm-1  i s  c h a r a c t e r i s t i c  o f  a  s t ro n g ly  
bound T f-ace ty len e  w herein  th e  t r i p l e  bond s t r e t c h i n g  f re q u e n c y  has b een  
low ered c o n s id e ra b ly  from  th e  ra n g e  2 2 6 0 -2 1 9 0  cm”1 , n o rm a lly  e x h ib i te d 5 0  
by d i s u b s t i t u t e d  a c e ty le n e s .  A s im i la r  a b s o r p t io n  was r e p o r t e d 27 a t  
1 7 7 3  cm"1 f o r  th e  h e x a f lu o ro b u ty n e - 2  in  I r C l( C 0 )(CP3 -CsC-CF3 )(P h 3P )2 , 
and i t  was im p lie d  t h a t  th e  c o o rd in a te d  a c e ty le n e  e x h ib i t s  s tro n g  
a n g u la r  d i s t o r t i o n  and i s  d o u b ly  o-bonded t o  th e  m e ta l a to m .
A mechanism w hich  s u g g e s ts  i t s e l f  i s  i n i t i a l  fT-bond fo rm a tio n  
w ith  th e  h y d r id o - s u b s t r a te  fo llo w e d  by i n s e r t i o n  o f th e  a c e ty le n e  in to  
th e  M-H bond to  g ive th e  o - v in y l  d e r iv a t iv e  w hich  th en  TT-bonds w ith  
a n o th e r  a c e ty le n e  m o le c u le . T h is  p ro c e ss  may be o p e r a t iv e  in  th e  
l i n e a r  p o ly m e riz a tio n  o f  a c e ty le n e s  c a ta ly z e d  by t r a n s i t i o n  m e ta ls , 4 3  
and fo r  t h a t  re a so n  th e  above  compound i s  o f  i n t e r e s t  i n  t h a t  i t  i s  
one o f  th e  f i r s t  examples w h e re in  a  s p e c ie s  analogous t o  a n  in te rm e d ia te  
has b een  i s o l a t e d .
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No fo rm u la t io n  h as  been  a r r iv e d  a t  f o r  th e  p ro d u c t o b ta in e d  
from  th e  r e a c t io n  o f d ip h e n y la c e ty le n e  w ith  IrH ( C0)2( Ph3 P) 2  a s  d e sc r ib e d  
in  th e  E x p e rim en ta l s e c t io n .  The m o le c u la r  w e ig h t i n d ic a te s  a 2 :1  r a t i o  
f o r  th e  a c e ty le n e : i r id iu m , b u t a n a ly s e s  have n o t b een  c o n s i s t e n t  and 
f u r t h e r  ch ro m ato g rap h ic  p ro c e d u re s  u s in g  v a r io u s  s o lv e n t  sy stem s may 
i n d ic a te  t h a t  th e  p ro d u c t i s  non-hom ogeneous.
A t e n t a t i v e  fo rm u la t io n  would be s im i l a r  to  t h a t  shown f o r  
XV, w hich would acco u n t f o r  th e  s t ro n g  bands a t  l6 l7  and 1 5 8 6  i n  th e  
i r  in  th e  d o u b le  bond re g io n  and in  th e  800-900 cm 1  r e g io n . However, 
t h i s  would r e q u i r e  an o v e r la p p in g  o f  vc=c w ith  vCQ a t  2005 cm 1 . The 
nmr spec trum  i s  in c o n s i s t e n t  in  t h a t  i t  shows i n  a d d i t io n  to  th e  pheny l 
p ro to n s , two complex m u l t i p l e t s  c e n te re d  a t  3 * 5  and h-,5  ppm.
CONCLUDING STATEMENTS
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T h is  r e s e a rc h  has r e s u l t e d  in  th e  p r e p a r a t io n  o f  s e v e r a l  
s t a b l e  h y d r id o - o le f in  com plexes o f  i r id iu m . These com plexes a re  th e  
f i r s t  o f  t h e i r  ty p e  t h a t  have been  w e l l  c h a r a c te r iz e d  by i n f r a r e d ,  nmr 
and d e u te r a t io n  s tu d i e s .  In  a d d i t io n ,  an X -ray  c r y s t a l  s t r u c t u r e  
a n a ly s i s  o f  one o f  th e s e  com plexes, IrH (C 0)( NCCH=CHCN)( Ph3 P )2 , has  been
r e p o r te d .
These h y d r id o - o le f in  com plexes a re  m odels o f  compounds which 
have o f te n  been  c i t e d  as b e in g  u n s ta b le  in te rm e d ia te s  i n  many im p o r ta n t 
hom ogeneously c a ta ly z e d  r e a c t io n s .  The f a c t  t h a t  th e  h y d r id o - o le f in  
com plexes r e p o r te d  h e r e in  a re  i s o l a b l e ,  and t h a t  th ey  do n o t  undergo 
t r a n s fo rm a tio n  to  th e  a lk y l  com plexes v ia  h y d r id e  t r a n s f e r  as  p o s tu la te d  
in  many c a t a l y t i c  r e a c t io n s ,  m ig h t be a t t r i b u t e d  to  a t  l e a s t  two f a c t o r s .  
The g e n e r a l  k in e t i c  in e r tn e s s  o f  i r id iu m  com plexes compared to  th e  
an a lo g o u s com plexes o f  th e  l i g h t e r  co n g en ers  i s  p ro b a b ly  in v o lv e d . The
second f a c t o r  i s  th e  p re se n c e  o f  an a c t i v a te d  o l e f i n  s t r o n g ly  bonded 
to  th e  m e ta l in  th e  com plex. The c o o rd in a te d  a c t iv a te d  o l e f i n  c o u ld , 
by w ith -d raw in g  s u f f i c i e n t  e l e c t r o n  d e n s i ty  from  th e  m e ta l atom, 
s t r e n g th e n  th e  m e ta l-h y d ro g en  bond, and d e t e r  h y d rid e  t r a n s f e r .
I t  i s  q u i t e  p o s s ib le  t h a t  th e  r e l a t i v e  o r i e n t a t i o n  o f  th e  
o l e f i n  w ith  r e s p e c t  to  th e  h y d r id e  l ig a n d  i s  an im p o r ta n t f a c to r  when 
h y d rid e  t r a n s f e r  i s  in v o lv e d . In  IrH( CO)(NCCH=CHCN)( Ph3 p) 2  th e  C=C 
a x is  o f  th e  o l e f i n  i s  p e rp e n d ic u la r  to  th e  I r -H  a x i s .  F u r th e r ,  nmr 
d a ta  su g g e s t t h a t  th e  o l e f i n  i s  r i g i d l y  bonded i n  t h i s  com plex. These
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factors may be less conducive to hydride transfer to the olefin than in 
systems where the olefin  is  less tightly  bound. Olefin rotation is  known 
to occur in some complexes, and the C=C axis can sometimes become 
parallel to the M-H axis. Conceivably, parallel orientation may be the 
lowest energy barrier to hydride transfer. This situation may prevail in 
the reaction between acrylonitrile and the hydridoiridium complex. A 
a-alkyl-TT-olefin complex was obtained, but no hydrido-olefin complex was 
isolated from this reaction mixture. Hopefully, the study of further 
model compounds of intermediates in catalytic reactions w ill cast more 
light on the nature of these catalysts.
The activated olefin  tetracyanoethylene has been found to form 
a novel product when i t  reacts with the hydridoiridium substrates. This 
a-keteniminato-TT-olefin complex is  the f ir s t  reported keteniminato- 
complex of a noble metal, and i t  may form via a 1,^-addition reaction.
An X-ray crystal structure analysis has recently been described for this 
complex.
Acetylene reactions with the hydridoiridium substrates have been 
studied, and a variety of products have been obtained. The new compounds 
include those in which insertion of an acetylene into an Xr-H bond has 
occurred. Also, a terminal acetylene has been found to react with iridium 
( i) complexes via oxidative addition with the resultant formation of an 
acetylido-complex. Iridium complexes containing TT-bonded acetylenes have 
also been prepared. The significance of some of these complexes as 
models for proposed intermediates in the catalytic polymerization of 
acetylenes has been discussed in the body of the dissertation.
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